I. PHOTOTITRIMETRIC DETERMINATION OF SULFHYDRYL COMPOUNDS WITH O-HYDROXYMERCURIBENZOIC ACID USING DITHIOFLUORESCEIN AS AN INDICATOR. II. PURIFICATION AND PARTIAL CHARACTERIZATION OF CYSTEINE-GLUTAMATE TRANSAMINASE FROM RAT LIVER. by IP, MICHAEL PO-CHEE
University of Windsor 
Scholarship at UWindsor 
Electronic Theses and Dissertations Theses, Dissertations, and Major Papers 
1977 
I. PHOTOTITRIMETRIC DETERMINATION OF SULFHYDRYL 
COMPOUNDS WITH O-HYDROXYMERCURIBENZOIC ACID USING 
DITHIOFLUORESCEIN AS AN INDICATOR. II. PURIFICATION AND 
PARTIAL CHARACTERIZATION OF CYSTEINE-GLUTAMATE 
TRANSAMINASE FROM RAT LIVER. 
MICHAEL PO-CHEE IP 
University of Windsor 
Follow this and additional works at: https://scholar.uwindsor.ca/etd 
Recommended Citation 
IP, MICHAEL PO-CHEE, "I. PHOTOTITRIMETRIC DETERMINATION OF SULFHYDRYL COMPOUNDS WITH O-
HYDROXYMERCURIBENZOIC ACID USING DITHIOFLUORESCEIN AS AN INDICATOR. II. PURIFICATION 
AND PARTIAL CHARACTERIZATION OF CYSTEINE-GLUTAMATE TRANSAMINASE FROM RAT LIVER." 
(1977). Electronic Theses and Dissertations. 2355. 
https://scholar.uwindsor.ca/etd/2355 
This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor 
students from 1954 forward. These documents are made available for personal study and research purposes only, 
in accordance with the Canadian Copyright Act and the Creative Commons license—CC BY-NC-ND (Attribution, 
Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the copyright holder 
(original author), cannot be used for any commercial purposes, and may not be altered. Any other use would 
require the permission of the copyright holder. Students may inquire about withdrawing their dissertation and/or 
thesis from this database. For additional inquiries, please contact the repository administrator via email 
(scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208. 
3 3 2 0 1  . —  ̂ "
. . ■ -  V
National Library Bibliothfcque nationale*' CANADIAN THESES THESES CANADIENNES
of Canada . du Canada ON MICROFICHE SUR MICROFICHE
NAME OF AUTHOR/A/Ott DE L'AUTEUR  M C H A U -  P o - C t i z *  S P
title of THESB/mitf OEM I -  P h o to titr ijn e tr ie  determ im tio.il o f vitfao hydroxymercuribenzoic acid^ using dxttiiofiuorescexn as an
indicator
U N IVERSITY/tW/ VERSfTE.
IX,.. Purification and partial characterization of cysteine- 
_____ glutamate transaminase\f^om rat liver*____________ '
DEGREE FOR WHICH THESIS WAS PgESENTEO/ .  .
GRADS POUR LEQUEL CETTE THESE FUT PRESENTEE__
YEAR THIS DEGREE CONF£RRED/A/Vfl/££ D'OSTENTION DE CE DEGRE- 
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ABSTRACT 
PART I
PHOTOTITRIMETRIC DETERMINATION OF SULFHYDRYI 
COMPOUNDS WITH O-HYDR0XYMERCURI3ENZ0IC ACID 
USING DITHIOFLUORESCEIN AS AN INDICATOR
by
M ich ae l Po-C hee Ip
A p h o t o t i t r i m e t r i c  m ethod f o r  th e  d e te r m in a t io n  o f  
s u l f h y d r y l  compounds i n  an aqueous medium i s  d e s c r ib e d .  
o_ -H ydroxym ercuribenzo ic  a c id  i s  u se d  a s  a  t i t r a i r t  w ith  
d i t h i o f l u o r e s c e i n  a s  an  i n d i c a t o r .  D i s u l f id e  amino a c id s  
l i k e  c y s t in e  and o c - s u b s t i tu te d -D L - c y s t in e s  a r e  re d u c e d  
w i th  sodium  b o ro h y d ^ id e  b e fo re  t i t r a t i o n .  A l l  .amino 
a c id s  were s u c c e s s f u l l y  d e te rm in e d  to  ' t h e  l i m i t  o f  1 .0  
m icrom ole  w ith  an e r r o r  o f  l e s s  th a n  4 p e r  c e n t .  A
k
s e l e c t i v e  p h o t o t i t r i m e t r i c  m ethod f o r  th e  d e te rm in a t io n
of /S-mercaptopyruvate in presence of cysteine and
g lu ta th io n e  i s  (jdescribedi. T h is  m ethod can  be e x ten d ed  
■* . -
to  th e  m ic ro d e te rm in a t io n  o f  o th e r  s u l f h y d r y l  compounds 
i n  b i o lo g i c a l  sa m p le s . \  • '
i i
>
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M ich ae l Po-C hee Ip
C y s te in e -g lu ta m a te  t ra n s a m in a s e  (EC 2 . 6 * /!.3 ) h a s  
been  p u r i f i e c P l 49- f o l d  to  an a p p a re n t 'h o m o g e n e ity  g iv in g  
a  s p e c i f i c  a c t i v i t y  o f  2 .09  I .U .  p e r  mg o f  p r o t e i n  w ith  
an  o v e r a l l  y i e l d . o f  15 %. The i s o l a t i o n  p ro c e d u re s  
in v o lv e  th e  p r e l im in a r y  s e p a r a t io n  o f  a  .c ru d e  l i v e r  
hom ogenate  w hich was su b m itte d  s e q u e n t i a l l y  to  ammonium- 
s u l f a t e  f r a c t i o n a t i o n ,  T E A E -ce llu lo se  colum n ch ro m a to g rap h y ,
4 4
u l t r a f i l t r a t i o n  and i s o e l e c t r o f o c u s in g .  The f i n a l  p ro d u c t  
was hom ogenous when exam ined hy  p o ly a c ry la m id e  g e l  e l e c t r o ­
p h o r e s i s  in  th e  p re s e n c e  o f  sodium  dqj^ecyl s u l f a t e  (SL S).
A m in im al m o le c u la r  w e ig h t o f  83 500 was d e te rm in e d  by 
Sephadex. g e l  ch ro m a to g rap h y . The m o le c u la r  w e ig h t .as 
e s t im a te d  by p o ly a c ry la m id e  g e l  e l e c t r o p h o r e s i s  i n  th e  
p re s e n c e  o f.S L S  was 84  0 0 0 . The p u r i f i e d  enzyme e x h ib i te d  
a  pH optimum a t  8*2 w ith  c y s te in e  and t f - k e t o g lu t a r a t e  as 
s u b s t r a t e s .  At pH 7 .5 ,  th e  f o r  c y s te in e  i s  5 .9  x 10“  ̂  M
/
i i i  *
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and th e  Vmax i s  1..4 x 10” ^ M m in- 1 . -h e  .K^ f o r  a - k e t o -
g l u t a r a t e  i s  2 . 6  x 10” ^ K' w ith  s u b s t r a t e  i n h i b i t i o n  o c c u r r -
■ •  *  %in g  a t •c o n c e n t r a t io n s  i n  e x c e s s  o f  1 .25  mM. The enzyme 
i s  s t a b l e  when k e p t  f r o z e n  and i n a c t i v a t e s  i f  l e f - V a t
*
room te tn o e ra tu re  f o r  1 h .  The p u r i f i e d  enzyme do es nowt ; '* •
c a ta ly z e  th e  t r a n s a m in a t io n  o f  a -m e th y l-D L -c y s te in e ,
*
w hich , when p r e s e n t  to  a  f i n a l  c o n c e n t r a t io n  o f  IQ mM, 
e x h i b i t s  a  2 5 .2  % i n h i b i t i o n . 'o f  t r a n s a m in a t io n  o f  3Q -mM' 
o f  c y s t e i n e .  The m echanism  a p p a r e n t ly  re se m b le s  t h a t  o f
a s o a r t a t e - g lu t a m a te  t r a n s a m in a s e  i n  w h ich * th e  p re s e n c e  "of.
/
a  l a b i l e  h y d ro g en  on th e  a lp h a -c a rb o n  i n  th e - .- s u b s tra te  •. 
i s  one o f  th e  s t r i c t  r e a u i r e m e n ts . '
iv
t
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GENERAL INTRODUCTION
'
C y s tin e  and ’c y s t e in e  a re  form ed i n  a n im a l o rg a n -  ' 
ism s  from  m e th io n in e  th ro u g h  th e  c y s t a t h io n i n e  pa thw ay .
The im p o rta n c e  o f  c y s t e in e  o r  c y s t in e  on th e  m etab o lism  
o f . s u l f u r  amino a c id s  hav e  been w e ll  docum ented ( 1 , 2 ) .  
C y s te in e  may be m e ta b o liz e d  i n  a  num ber o f  p a th w a y s . Onec-
V *. p r i n c i p a l  pathw ay in v o lv e s  th e  o x i d a t i o n ’o f  c y s te in e  to  
c y s te in e  s u l f i n i c  a c id .  D e c a rb o x y la tio n  o f  c y s te in e  
s u l f i n i c  a c id  g iv e s  2-am in o e th a n e  s u l f i n i c  a c id  (h y p o - 
t a u r i n e )  w hich i n  t u r n  i s  o x id iz e d  to  t a u r i n e .  C y s te in e  
• s u l f i n i c  a c id  may a l s o  undergo  t r a n s a m in a t io n  w ith  p y ru v ic  
a c id  g iv in g  ^ - s u l f i n y l p y r u v i c  a c id  w ith  th e  fo rm a tio n  o f  
p y ru v a te  and s u l f a t e s  a s  th e  f i n a l  p r o d u c ts  .(3) .
A l t e r n a t i v e l y ,  c y s te in e  may a l s o  u n d erg o  t r a n s a m in a t­
io n  w ith  o t - k e to g lu ta r a t e  i n  th e  p re s e n c e  o f  th e  enzyme 
• c y s te in e - g lu ta m a te  t ra n s a m in a s e  (EC 2 . 6 . 1 .3 )  to  form  
g lu ta m a te  and /B-mer c a p to p y ru v a te  w hich  w i l l  undergo  d e s u l -  
f u r a t i o n  i n  th e  p re s e n c e  o f  / -m e r c a p to p y r u v a te  s u l f u r t r a n s -  
f e r a s e  (EC 2 .8 .1 .2 )  to  form  p y ru v a te  and h y d ro g en  s u l f i d e .
The p re s e n c e  o f  ^ -m e rc a p to p y ru v a te  i n  b i o l o g i c a l  t i s s u e s  
h a s  lo n g  been  c o n s id e re d  ( 4 ) .  H ow ever, d i r e c t  e v id e n c e  
o f  / - m e r c a p to p y r u v a te  i n  v iv o  h a s  n o t  been  s u b s t a n t i a t e d  ( 5 ) .  
I t  i s  b e l ie v e d  t h a t  ^ -m e rc a p to p y ru v a te  i n  v iv o  w i l l  q u ic k ly  
. decom pose i n to  p y ru v ic  a c id  and h y d ro g en  s u l f i d e  a s  m en tio n ed
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e a r l i e r  th ro u g h ' the* a c t i o n  o f  /S -m e rc a p to p y ru v a te  s u l f u r -  
t r a n s f e r a s e .  Tiie p r e s e n c e  o f  th e  ab o v e  enzyme h a s  b e en
i «
v e r i f i e d  ( 6 ) ,  and i t  h a s  b een  p u r i f i e d  ( 7 ) 'a n d  s tu d ie d  
( S - 10 ) .  The m a^or pa thw ays' r e g a r d in g  th e  m e ta b o lism  o f  
c y s t e in e  a r e  sum m arized i n  Scheme 1 .
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B e s id e s , th e  .above two m a jo r  m e ta b o l ic  p a th w ay s f o r
c y s t in e  and c y s t e in e ,  i t  sh o u ld  be n o ted , t h a t  some o th e r
I ' *
s u l f u r - c o n t a i n i n g  compounds su ch  a s  i n s u l i n ,  coenzym e A,
g lu ta th io n e  and v a s o p r e s s in  a r e  a ls o  d e r iv e d  from  th e
above two amino a c i d s .  • •
A tte m p ts  to  p u r i f y  th e  enzyme c y s te in e - g lu ta m a te .* * • ^
t r a n s a m in a s e  b ased  on th e  m easurem ent o f  th e  a p p e a ra n c e
o r  d is a p p e a ra n c e  o f  c y s te in e  i s  t h e r e f o r e  n o n s p e c i f i c
s in c e  c y s t e in e  can  be in v o lv e d  i n  a  num ber o f  m e ta b o l ic
p a th w ay s . The p re s e n c e  o f  c y s te in e - g lu ta m a te  t r a n s a m in a s e  '
h a s  b een  p ro p o se d  (11  -  13) a lth o u g h  th e  p u r i f i c a t i o n  o f
•» *
th e  above enzyme h a s  n o t  been  c a r r i e d  o u t  to  any  a p p re c ia b le .
\  .  *
d e g re e . I n  a l l  p r e v io u s  s t u d i e s ,  r a t  l i v e r  h a s  been  u sed
a s  th e  s o u rc e  o f  th e  enzym e.
A.crude rat liver enzyme extract has been previously
<
*
p re p a re d  i n  t h i s  l a b o r a to r y  ( 1 4 ) .  The s p e c i f i c  a c t i v i t y  
o f  th e  c ru d e  enzyme was low  (0 .0 2 8  I .U .  p e r  mg o f  p ro te in )* . 
I t  i s  u n c e r t a i n  w h e th e r  th e  low  enzyme a c t i v i t y  was due 
to  th e  enzyme i n s t a b i l i t y  u n d e r  th e  e x p e r im e n ta l  c o n d i t io n s  
chosen  o r  b e c a u se  o f  th e  l im i t e d  amount o f  enzym e  p r e s e n t  ’ 
p h y s i o l o g i c a l l y .
A good a n a l y t i c a l  m ethod s e n s i t i v e  enough to  m easure
x
m icrom ole  q u a n t i t i e s  o f  ^ -m e rc a p to p y ru v a te  i n  b i o l o g i c a l  
sam p les  i s  a  p r e r e q u i s i t e  f o r  f u r t h e r  e n zy m a tic  s t u d i e s .
The u s e  o f  o -h y d ro x y ra e rc u r ib e n z o ic  a c id  (HMB) m  th e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
d e te r m in a t io n  o f  s u l f h y d r y l  com pounds h a s  bfcen e s t a b l i s h e d  
(15  -  1 7 ) .  I t  i s  known t h a t  HM3 w i l l  r e a c t  r e p r o d u c ih ly  
w ith  m ost f r e e  s u l f h y d r y l  com pounds. A number- o f  i n d i c a t o r s
y ,
h av e  b een  s u g g e s t e d '( 1 8 ,  19)« The u s e  o f  HMB on th e
d e te r m in a t io n  o f, s u l f h y d r y l  compounds i n  b i o l o g i c a l  sa m p le s , 
# • 4
h o w ev er, i s  r e l a t i v e l y  hew . I t  i s  known t h a t  p r o t e i n  te n d s  
to  i n t e r f e r e  w i th  th e  t i t r a t i o n  by  m ask in g  th e  i n d i c a t o r  
c o lo r  ch an g e , t h u s  m aking  th e  e q u iv a le n c e  p o i n t  e x tr e m e ly  
d i f f i c u l t  to  e s t im a t e .  ’
The. d e v e lo p m e n t o f  a  s u i t a b l e  and s e n s i t i v e  m ethod 
f o r  th e  d e te r m in a t io n  o f  ’ jg -m e rc a p to p y ru v a te  i n  b i o l o g i c a l  
sa m p le s  fo rm ed  th e  b a s i s  o f  th e  f i r s t  p a r t  o f  t h i s  d i s s e r t -  
a t i o n .
%
A f u r t h e r  a t te m p t  to  p u r i f y  a n d * c h a r a c te r iz e  th e
O  *
enzyme c y s t e in e - g lu t a m a te  t r a n s a m in a s e  from  r a t ' l i v e r  -
* *  • .
form ed th e  se co n d  p a r t  o f  t h i s  d i s s e r t a t i o n .  I n  t h i s ’
s tu d y , th e  enzyme was p u r i f i e d  b y  ammonium s u l f a t e  f r a c t ­
i o n a t i o n ,  ' T E A E -c e llu lo se  c h ro m a to g ra p h y  and i s o e l e c t r o -  
f o c u s in g .  I t s  h o m o g en e ity , m o le c u la r  w e ig h t, am ino a c id  
c o m p o s it io n , ^ b ^ o r p t io n  s p e c t r a  and  Km v a lu e s  w ere s t u d i e d .
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PHOTOTITRIMETRIC DETERMINATION OP SUIPHTDRH 
COMPOUNDS WITH o-HYDROXYMERCURIBENZOIC ACID- USING 
DITHIOPDUORESCEIN AS AN INDICATOR
t *
(
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Y* . * • ;•
. • CHAPTER I  '
INTRODUCTION . ’
A v a s t  num ber o f  g r a v im e t r ic  ( 1 ) ,  t i t r i m e t r i c  ( 2 - 5 ) ,  
am perom etj*ic (6 -9 )  and c o lo r im e t r i c  ( 10 , 11 ) p ro c e d u re s  
have  been  p ro p o se d  f o r  th e  d e te r m in a t io n  o f  s u l f h y d r y l  
g ro u p s  i n  v a r io u s  o r g a n ic  compounds in c lu d in g  p r o t e i n s .
M ost o f  th e ,  m ethods a r e  i n v a r i a b l y  d e p e n d e n t o n : th e
a c t i v i t y  o f  th e  s u lfh y d ry l-  g ro u p s  to w a rd s  v a r io u s  -SH - 
r e a g e n t s ;  th e  o x id a t io n - r e d u c t io n  r e a c t i o n s  o f  -SH g ro u p s ; 
th e  a f f i n i t y  o f  -SH g ro u p s  f o r  x e a g e n ts  c o n ta in in g  a c t i ­
v a te d  d o u b le  b o n d s; and th e  c a p a b i l i t y  o f  -SH g ro u p s  to  
form  s t a b l e  m e rc a p tid e  bonds w ith  h e a v y  m e ta ls  ( 12 , 13 )-.
The u s e  o f  p h e n y lm e rc u r ie  h y d ro x id e  and some o f  i t s  
s a l t s  i n  th e  fo rm a tio n  o f  m e r c a p t id e - io n d s  w ith  s u l f h y d r y l  
groups- i n  p r o t e i n s  was f i r s t  in t r o d u c e d  by  H e lle rm an  (1 4 ) 
i n  1937. O th e r .-p ro c e d u re s  u s in g  n -c h lo ro m e rc u r ib e n z o a te  
and o_ -h y d ro x y m ercu rib en zo a te  (HMB) i n  th e  s e l e c t i v e  ■ 
d e te r m in a t io n  o f  m e rc a p tid e s  w ere p ro p o se d  (4 ,  1 5 -1 8 ) .  A 
s e l e c t i v e  m ethod f o r  th e  d e te r m in a t io n ’o f  c y s te in e  and
/S -m e rc a p to p y ru v a te  i n  a  c y s te in e - g lu ta m a te  t r a n s a m in a t io n  
•  '
m ix tu re  w a s* re p o r te d  p r e v io u s ly  by t h i s  l a b o r a to r y  ( 1 9 ) .  
jS -M e rc a p to p y ru v a te , w hich i s  th e  m a^or p ro d u c t  o f  th e  
c y s te in e  t r a n s a m in a t io n  r e a c t i o n ,  can  be t i t r a t e d  w ith




I '* ' V.
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?
a s  an  i n d i c a t o r .  The end p6 i n t  i s  i n d i c a t e d  by  a  s te a d y
*  »v
d is a p p e a ra n c e  o f  th e  b lu e  DTF i n d i c a t o r  upon a  s l i g h t  
e x c e s s  .o f HMB.*
In  t h i s  r e p o r t ,  a  p h o t o t i t r i m e t r i c  m ethod f o r  th e  v 
d e te r m in a t io n  o f  s u l f u r  compounds u s in g  HMB w ith  d i t h i o -  
f l u o r e s c e i n  a s  an i n d i c a t o r  i s  d e s c r ib e d .  T h is  m ethod 
p r o v id e s  an a c c u r a te  m ic ro d e te rm in a t io n  o f  /S-m e rc a p to -  
p y ru v a te  o r  o th e r  s i m i l a r  s u l f h y d r y l  compounds i n  a  
t r a n s a m in a t io n  m ix tu re  to  a  c o n c e n tr a t io n ,  a s  low  a s  0 .1  
mg, w h ich , i f  done v i s u a l l y ,  would be d i f f i c u l t  to  do in  
th e  p re s e n c e  o f  th e  y e llo w  coenzyme p y r i d o x a l - 5*-p h o s p h a te  
( P I P ) .  • •
The same p h o t o t i t r i m e t r i c  m ethod can  be a p p l ie d  to  
th e  c h a r a c t e r i z a t i o n  o f  th e  c y s te in e  t r a n s a m in a s e ♦enzyme^ 
w hich  s o - f a r ,  h a s  been  d i f f i c u l t  s in c e  no r e l i a b l e 'q u a n t i ­
t a t i v e  m easu rem en t o f  /0-m e rc a p to p y ru v ic  a c id  i s ' a v a i l a b l e .  
O th e r  m e th o d s, w h ile  r e l y i n g  on fo l lo w in g  th e  d is a p p e a ra n c e ’ 
o f  c y s t e in e  o r  th e . a p p e a ra n c e  o f  g lu ta m ic  a c id  d u r in g  th e
c o u rs e  o f  th e  t r a n s a m in a t io n  r e a c t i o n ,  a r e  in c o n c lu s iv e
1 * ' , 
s in c e  s id e  r e a c t i o n s  .can o c c u r  due to  a  num ber o f  a l t e r n a t e
p a th w ay s ( 19 , 2 0 ) .  >
A q u a n t i t a t i v e  d e te rm in a t io n  o f  c y s t in e  and a - s u b s t i -
t u t e d  c y s t i n e s ,  f o l lo w in g  a  sodium  b o ro h y d r id e  r e d u c t io n
- V
i s  a l s o  d e s c r ib e d .  T h is  m ethod i s 'a c c u r a t e  and r e l i a b l e
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• CHAPTER *11 
EXPERIMENTAL
A, E quipm ent
S p e c tr o p h o to m e tr ic  m easu rem en ts  w ere  made w ith  
a  Beckman ACTA MVI S p e c tro p h o to m e te r  (Beckm an I n s t r u m e n ts ,  
I n c . ,  F u l l e r t o n ,  C a l i f o r n i a )  i n  m atch ed  1 .00 -cm  S p e c t r o s i l  
c e l l s  (T h erm al S y n d ic a te  L t d . ,  W a llse n d , N o rth u m b e rla n d , 
E n g la n d ) •
pH m easu rem en ts  w ere  p e rfo rm e d  on a  Beckman Model-oGS
%
pH m e te r  (Beckm an I n s t r u m e n t s ,  I n c . ,  F u l l e r t o n ,  C a l i f o r n i a )  
w i th  a  S a rg e n t  M odel_S -30072-15  c o m b in a tio n  e l e c t r o d e  
(E .H . S a r g e n t  and Co.', T o ro n to , O n t a r i o ) .
P h o t o t i t r i m e t r i c  m easu rem en ts  w ere  p e rfo rm e d  on a  
B au sch  & Lomb S p e c t r o n ic  20 S p e c tro p h o to m e te r  (B a u sch  & 
.Bomb, R o c h e s te r ,  N .Y .)  e q u ip p e d  w i th  a  w id e -ra n g e  p h o to tu b e  
( t y p e  CE-A95) and  a  w id e -ra n g e  f i l t e r  (B a u s c h &  Lomb, 3 3 - 
2 9 - 9 2 ) .  The t i t r a t i o n  was c a r r i e d  o u t  i n  o n e - in c h  g l a s s  
tu b e s  (K im ax 25 x  200  mm) w hich  w ere m ounted  i n  th e  c u v e t  
co m p artm en t o f  th e  S p e c t r o n ic  20 u s in g  a  o n e - in c h  c u v e t  x 
a d a p t e r  (B a u sch  & Lomb, 3 3 -2 9 -2 4 ) .
I n c u b a t io n  o f  th e  t r a n s a m in a t io n  r e a c t i o n  v e s s e l  ( a  
50-m l E rle n m e y e r  f l a s k )  was p e rfo rm e d  i n  a  L u b n o ff  
M e ta b o lic  S h a k in g  I n c u b a to r  ( P r e c i s i o n  S c i e n t i f i c  C o ., 
C h ic a g o , 1 1 1 . ) .
11
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B. R e a g e n ts
1 -C y s te in e  H y d ro c h lo r id e ,  S ta n d a rd  s o l u t i o n s  o f  
known c o n c e n t r a t io n s  w ere p re p a re d  by d i s s o l v i n g  1 - c y s t e i n e  
h y d r o c h lo r id e  (G e n e ra l B io c h e m ic a ls , l a b o r a t o r y  P a rk , 
C h a g r in , O h io . A ssay 1555) i n  d e io n iz e d  d i s t i l l e d  w a te r .  
T h is  s o l u t io n  was u se d  a s  a  p r im a ry  s ta n d a rd  f o r  a -h y d ro x y -  
m e rc u r ib e n z o ic  a c id  s t a n d a r d i z a t i o n .
0 -H y d ro x y m e rc u rib e n z o ic  A cid (HMB). HMB a s  o b ta in e d  
from  C olum bia O rg a n ic  C h em ica ls , C o ., I n c . ,  C olum bia, S .C . 
was u s e d .  HMB (7  g) was d is s o lv e d  in  200 ml o f  1 .0  M NaOH 
and d i l u t e d  to  a  l i t e r  w ith  d i s t i l l e d  w a te r .  The HMB 
s o l u t i o n  was s t i r r e d  c o n t in u o u s ly  f o r  1.0 h  and was a l lo w e d ’ 
to  s ta n d  a t  room te m p e ra tu re  o v e rn ig h t  b e fo r e  f i l t r a t i o n .  
The c l e a r  f i l t r a t e  (a p p ro x im a te ly  0 .0 2  M; was s ta n d a r d iz e d  
by t i t r a t i n g  w ith  s ta n d a r d  s o l u t io n  o f  1 - c y s t e i n e  u s in g  
DTF a s  an  i n d i c a t o r .  D i lu te d  HMB s o l u t io n s  o f  0 .0 2  M to
0 .0 0 1  M w ere u sed  f o r  th e  t i t r a t i o n s  i n  t h i s  s tu d y .
N- B ro m o su cc in im id e . S ta n d a rd  s o l u t io n s  o f  N -brom o- 
s u c c in im id e  ( F i s h e r  S c i e n t i f i c  C o . / F a i r  law n , N .J .  l o t  # 
730557) w ere p re p a re d  by d i s s o l v i n g  N -b ro m o su cc in im id e  
( r e c r y s t a l l i z e d  tw ic e  f ro m -w a te r)  i n  d e io n iz e d  d i s t i l l e d  
w a te r .  The s o l u t io n s  w ere p re p a re d  f r e s h  d a i l y  and w ere 
u se d  a s  p r im a ry  s ta n d a r d s  f o r  th e  s t a n d a r d i z a t i o n  o f  1 -  
c y s t in e  and ^ - s u b s t i tu t e d - D L - c y s t in e s  (.5 ) .
1 - C y s t in e . S o lu tio n s '-  o f  1 - c y s t in e  ( B r i t i s h  Drug
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H ouses L t d . ,  P o o le ,  E ng land) w ere p re p a re d  by d i s s o lv in g  
th e  amino a c id  i n  0 .1  M h y d r o c h lo r ic  a c id .
a t.- Subs t i  t u t  ed -P P - C y s tin e  s . The p r e p a r a t io n  o f  th e s e  
amino a c id s  h a s  been  r e p o r te d  i n  d e t a i l  e ls e w h e re  (2 1 -2 3 ) .
The  ̂ amino a c id s  w ere d is s o lv e d  in  0 .1  M h y d r o c h lo r ic  a c id .
P i t h i o f l u o r e s c e i n  (P T F ). P i t h i o f l u o r e s c e i n  ( 3 ' , 5 f-  
d im e rc a p to f lu o ra n )  was o b ta in e d  from  J .T .  B aker C hem ical 
C o ., P h i l l i p s b u r g ,  N .J .  A 10-ml p o r t i o n  o f  a  s o l u t i o n  ' >■
c o n ta in in g  20 g o f  EPTA (d iso d iu m  s a l t )  and 20 g o f  t r i -  
e th y la m in e  i n  a  l i t e r  o f 'd e io i5 i^ jld  d i s t i l l e d  w a te r  was 
u sed  to  d i s s o lv e  25 mg o f  PTP. T h is  was fo llo w e d  by th e  
a d d i t i o n  o f  1 ml o f  1 .0  M KOH. The s o lu t io n  was d i l u t e d  
to  250 ml and was k e p t  i n  a  brown b o t t l e  s to r e d  a t  4°C .
The s o l u t io n  was s t a b l e  f o r  a b o u t t h r e e  d a y s .
B ordeaux  Red. A 0 .0 5  p e r  c e n t  (w /v ) s o l u t io n  o f  
B ordeaux Red ( A l l i e d  C h em ica ls , I n d u s t r i a l  C hem ical 
P i v i s i o n ,  M o rris to w n , N .J .  P o t  #  1215P) was p re p a re d  by 
d i s s o lv in g  th e  i n d i c a t o r  i n  d e io n iz e d  d i s t i l l e d  w a te r .
Sodium B o ro h y d r id e . A ^ p e r  c e n t  (w /v ) aqueous 
s o l u t io n  o f  sodium  b o ro h y d r id e  (V e n tro n  C o rp ., B e v e r ly ,
M ass .)  was p re p a re d  f r e s h  d a i l y .
C y s te in e  T ran sa m in a se . A p a r t i a l l y  p u r i f i e d  c y s t e i n e -  
g lu ta m a te  t r a n s a m in a s e _ (EC 2 .6 .1 .3 )  from  r a t  l i v e r  had  been  
p r e v io u s ly  p re p a re d  i n  t h i s  l a b o r a to r y  ( 1 9 ) .  A su s p e n s io n  
o f  r a t  l i v e r  (2 0  % (w /v ) ) i n  0 .0 5  M p h o sp h a te  b u f f e r  (pH 7 .4 )
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T
was hom ogenized ' f o r  6 m in a t. 4 -1 0 °C . The m ix tu re  was 
c e n t r i f u g e d  a t  18 600 x g f o r ' 10 m in and f i l t e r e d  th ro u g h  
c h e e s e c lo th .  A c e t ic  a c id  ( 1 .0  M) was added d ro p w ise  w h ile  - 
s t i r r i n g  to  lo w e r  th e 'p H  to  5 .2 .  The p r e c i p i t a t e d  n u c le o ­
t i d e s  and p r o t e i n s  w ere c e n t r i f u g e d  f o r ' 10 min a t  18 600 x 
g . The pH o f  th e  c l e a r  re d  s u p e r n a ta n t  was a d ju s te d  to  
pH 7 .4  w ith  0 .5  M N aO H ^/T he s u p e r n a ta n t  was th e n  h e a te d  
a t  6 0 °C f o r  10 m in and th e  s u s p e n s io n  was c e n t r i f u g e d  f o r  
10 m in a t  18 600 x g . To th e  s u p e r n a ta n t ,  s o l i d  ammonium 
s u l f a t e  was added  to  80 % s a t u r a t i o n  w ith  c o n s ta n t  s t i r r i n g  
a t  4°C . The pH was k e p t  a t  7 .4  by a d d in g  0 .5  M NaOH in  
sm a ll  q u a n t i t i e s  ( s in c e  ammonium s u l f a t e  c a u se s  a  s l i g h t  
d rop  i n  pH ). A f t e r  th e  ammonium s u l f a t e  su s p e n s io n  was 
c e n t r i f u g e d  a g a in  a t  18 600 x g f o r  10 m in , th e  p r e c i p i ­
t a t e d  p r o t e i n  p e l l e t  was re su sp e n d e d  i n  0 .0 5  M p h o sp h a te  
b u f f e r  (pH 7 . 4 ) .  The enzyme p r e p a r a t i o n  \iras th e n  d ia ly z e d  
f o r  14 h  a g a i n s t  20 l i t e r s  o f  ^ .0 0 1 . M p h o sp h a te  b u f f e r -  
(pH 7 .4 )  'a t  4°C . The enzyme s o l u t i o n  wa^ th e n  d iv id e d  
i n t o  5-m l p o r t i o n s  and f ro z e n  a t  -15°C  f o r  f u tu r e  u s e .
Ammonium ^ -M e rc a o to n y ru v a te . Ammonium /0-m e rc a p to -  
p y ru v a te  was p re p a re d  from  b ro m o p y ru v ic  a c id  and h y d ro g en  
s u l f i d e  by th e  p ro c e d u re  o f  Kun ( 2 4 ) .  S o lu t io n s  o f  
^ -m e rc a p to p y ru v a te  w ere  s ta n d a r d iz e d  w ith  HMB b e fo re  u s e .
O th e r  s u l f h y d r y l  compounds u s e d :
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T hio  g l y c o l i c  A c id . F i s h e r  S c i e n t i f i c  C o ., P a i r  la w n , 
N .J .  l o t  # 735367 .
M e rc a p to e th a n o l . E astm an Kodak C o ., R o c h e s te r ,  N .Y . 
L o t #  1334.
G lu ta th io n e  (R educed  F orm ). Sigm a C hem ical C o ., S t .  
L o u is ,  Mo. L o t # 82C -1220 .
L i t h i  o e r y t h r i  t o 1 ( 2 , 3-L ih y d r© x y -1 , 4- L i t h i o b u t a n e ) . 
S igm a C hem ical C o ., S t .  L o u is ,  Mo. L o t #  7 3 ^ -2 8 5 0 .
D L -H om ocysteine ( F r e e  B a se ^ . ICN P h a r m a c e u t ic a ls ,  
I n c . ,  C le v e la n d , O h io .
• P y r i d o x a l - 5*-P h o s p h a te  (C o d e c a rb o x y la s e , C r y s t a l l i n e  
F o rm ). Sigm a C hem ica l C o ., S t .  L o u is ,  Mo. L o t #  92C -2010 
T r i c h l o r o a c e t i c  A c id . F i s h e r  S c i e n t i f i c  C o ., F a i r  
Lawn, N .J .  L o t #  744409 . ^
iA ll  o t h e r  r e a g e n t s  w e re _ p re p a re d  from  s to c k  ACS g ra d e  
c h e m ic a ls .
C. P ro c e d u re
1 . D e te rm in a t io n  o f  L - C y s te in e , G l u t a th io n e . M e rc a o to -  
e t h a n o l . ^ -M e rc a n  to -p y ru v a te . T hio  g l y c o l i c  A c id , DL-Komo- 
c y s t e i n e  and D i t h i o e r y t h r i t o l . To a  sam p le  c o n ta in in g  1 
to  20  m ic ro m o le s  o f  th e  s u l f h y d r y l  compound i n  a  1- i n c h  
g l a s s  tu b e  w ere ad d ed  2 .0  ml o f  1 .0  M sodium  h y d ro x id e  
and 1 .0  ml o f  th e  DTF s o l u t i o n .  The s o l u t i o n  was d i l u t e d  
to  a  f i n a l  volum e o f  3 0 .0  ml w ith  d i s t i l l e d  w a te r .  The
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t i t r a t i o n  v e s s e l  was a llo w e d  to  warm f o r  two m in to  th e  
te m p e ra tu re  o f  th e  c u v e t  cham ber (3 0 -4 0 °C ) b e f o r e  t i t r a t ­
i n g  w ith  th e  s t a n d a r d i z e d  HMB. The c u v e t  was c o v e re d  
d u r in g  th e  t i t r a t i o n  to  p r e v e n t  e r r o r s  i n  a b s o rb a n c e  r e a d ­
in g s  due to  s t r a y  l i g h t .  A f t e r  e ac h  0 .1 0 -m l a d d i t i o n  o f  
t h e  t i t r a n t ,  th e  s o l u t i o n  was m ixed th o r o u g h ly  w ith  a  
V o r te x  m ix e r  b e f o r e  th e  a b so rb a n c e  r e a d in g s  w ere  m easu red  
a t  585 nm. A d d i t io n s  o f  th e  t i t r a n t  w ere  d e c re a s e d  to  
0 . 0 5 -m l p o r t i o n s  when th e  end p o i n t  was im m in en t ( a s  
v i s u a l l y  o b s e r v e d ) . A b so rb an ce  r e a d in g s  a t  585 nm w ere 
p l o t t e d  a g a i n s t  th e  volum e o f  t i t r a n t  added  and  th e  e q u i­
v a le n c e  p o i n t  was l o c a t e d  a s  shown i n  P ig .  1 . E q u iv a le n c e  
p o i n t s  f o r  r e a g e n t  b la n k s  (p r e p a r e d  by  a d d in g  th e  same 
r e a g e n t s  a s  f o r  th e  t i t r a t i o n  b u t  c o n ta in in g  w a te r  i n s t e a d  
o f  a  s o l u t i o n  o f  th e  s u l f h y d r y l  com pound)' w ere  s u b t r a c t e d  
i n  e a c h  c a s e  to  o b t a i n  th e  t r u e  e q u iv a le n c e  p o i n t .
2 . Be t e r m in a t io n  o f  L -C y s t in e  and oc- Subs t i  t u  t  e d-BL- 
C y s t i n e s . V a r io u s  am oun ts (1  to  K) m ic ro m o le s )  o f  th e  
am ino a c i d s  w ere p i p e t t e d  i n t o  50-m l E r le n m e y e r  f l a s k s .
The sa m p le s  w ere a d ju s te d  to  a  pH above 9 b y  a d d i t i o n  o f
1 .0  ml o f  1 .0  M KOH. Sodium b o ro h y d r id e  s o l u t i o n  (1  ml 
o f  2 p e r  c e n t  sodium  b o ro h y d r id e  s o l u t i o n  i s  r e q u i r e d  f o r  
e v e ry  m ic ro m o le  o f  d i s u l f i d e )  was added  to  th e  sam ple  and 
th e  r e s u l t i n g  s o l u t i o n  was warmed o v e r  a  w a te r  b a th  p r e -
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EIGURS 1
PHOTOMETRIC TITRATION CURVES OR(CYSTEINE 
AT THE 1 ■AND 10 MICROMOLE LEVELS
Legend
Sam ple m ix tu r e s  c o n ta in e d  2 .0  ml o f  1 .0  M sodium  
i iy c ro x id e ,  1 .0  ml o f  th e  DTE s o l u t i o n  and th e  
s p e c i f i e d  am ount o f  c y s t e in e  i n  a  t o t a l  volum e o f
3 0 .0  m l. T i t r a t i o n s  w ere p e rfo rm ed  i n  1- i n c h  g l a s s  
t u b e s .  The a b so rb a n c e  o f  th e  sam ple  m ix tu r e s  a t  
585 nm w ere m easu red  a f t e r  e ach  a d d i t i o n  o f  0 . 1 0  
ml o f  th e  HMB t i t r a n t .  A d d i t io n s  o f  th e  t i t r a n t  
w ere  d e c re a s e d  to  0 .0 5 -m l p o r t i o n s  when th e  end ‘ 
p o i n t  was im m inen t ( a s  v i s u a l l y  o b s e r v e d ) .  The 
e q u iv a le n c e  p o i n t  (E ?) o f  the- sam ple  was e s t im a te d  
by e x t r a p o l a t i o n  a s  shown by th e  d o t te d  l i n e .  The 
t r u e  e q u iv a le n c e  p o in t  was o b ta in e d  by s u b t r a c t i n g  
from  th e  above r e s u l t  th e  e q u iv a le n c e  p o i n t  o f  th e  





Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
18
FIGURE 1 '
PHOTOMETRIC TITRATION CURVES OF CYSTEINE 
AT THE 1 and 10 MICROMOLE LEVELS
1-Op f.Oi
o 10.0 micromoles cysteine \ •  1.0 micromole cysteine
0.5 1.0 1-5 2.0
VOL Or 0 0 0 5 4  Ij HMB USED
. 0.5 IX) 3-5 M
VOL OF 0.00113 M HMB USED
v /il
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h e a te d  -to 50°C . E x c e ss  sodium  b o ro h y d r id e  -was d e s tro y e d  
a f t e r  50 m in by. a  d ro p w ise  a d d i t i o n  o f  10 p e r  c e n t  a c e t i c  
a c id  ( a b o u t  0 . 5  ml f o r  e v e ry  ml o f  sodium  h y d ro x id e  u se d )  
and th e  s o l u t i o n  was t r a n s f e r r e d  q u a n t i t a t i v e l y  to  a . i -  
in c h  g l a s s  tu b e .  The t i t r a t i o n  p ro c e d u re  -as o u t l i n e d  f o r  
c y s t e in e  was fo l lo w e d  a f t e r  th e  a d d i t i o n  o f  4 . 0  ml o f  1 . 0  
K KOH, 1 .0  ml D i s s o l u t i o n  and a  d i l u t i o n  to  a  f i n a l  
v o lu m e .o f  5 0 .0  m l. B la n k s  w ere p r e p a re d  a s  i n  th e  c y s t e i n e
t i t r a t i o n .
3  ̂ D e te rm in a t io n  o f  ^ -M e rc a n to 'p y ru v a te  i n  th e  Enzyme 
R e a c tio n  M ix tu re . The c y s t e in e  t r a n s a m in a t io n  r e a c t i o n  
m ix tu re  was p r e p a r e d  by m ix in g , a s  r e q u i r e d ,  v a r io u s  am ounts 
o f  0 . 1  M c y s t e in e  and 0 . 1  M o i - k e t o g lu t a r a t e ,  0 . 5  ml o f
0 .0 0 5  M p y r i d o x a l - 5 *-p h o s p h a te ,  5 . 0  ml o f  0 . 1 0  M p h o s p h a te  
b u f f e r  (pH 7 . 4 ) ,  and  1 .0  ml o f  p a r t i a l l y  p u r i f i e d  r a t  
l i v e r  c y s t e in e - g lu t a m a te  t r a n s a m in a s e .  The' s o l u t i o n  was 
d i l u t e d ' t o  1 5 .0  ml w i th  d i s t i l l e d  w a te r  a n d - in c u b a te d  a t
57°C f o r  1 h .  The e n z y i a t i c  r e a c t i o n  was te r m in a te d  by  ^
a d d in g  2 . 0  m l o f  57  % fo rm a ld eh y d e  and  1 . 0  ml o f  30 % 
t r i c h l o r o a c e t i c  a c i d .  The s o l u t i o n  was d i l u t e d  to  2 0 .0  ml 
a f t e r  w arm ing on a  s team  b a th  f o r  2 m in . The r e s u l t i n g  
s o l u t i o n  was c e n t r i f u g e d  a t  400 x  g f o r  10 m in . A 10-m l 
a l i q u o t  o f  th e  s u p e r n a t a n t  was t r a n s f e r r e d  to  a  1- i n c h  
g l a s s  tu b e .  The r e s u l t i n g  s o l u t i o n  was t i t r a t e d  w ith  
s ta n d a r d iz e d  HMB i n  th e  same m anner a s  f o r  c y s t e in e  a f t e r
■ \
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"the a d d i t i o n  .o f  4 .0  ml o f  1 .0  M KOH, 1 .0  ml o f  DTF and • 
d i l u t i o n  to  a' f i n a l  volum e o f  3 0 .0  m l. A b la n k  c o n s i s t in g  
o f  e s s e n t i a l l y  th e  same com ponents a s  th e  sam ple  s o l u t io n ,  
e x c e p t  t h a t  an e q u a l  am ount o f  d i s t i l l e d  w a te r  was u se d  
in s t e a d  o f  c y s t e in e ,  was t i t r a t e d  s im u lta n e o u s ly  u n d e r  th e  
same c o n d i t i o n s .  The u s e  o f  th e  r e a g e n t  b la n k  e l im in a
an y  s u l f h y d r y l  g ro u p s  t h a t  may be p r e s e n t  i n  th e  enzyme 
p r e p a r a t i o n .
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CHAPTER III
RESULTS AND DISCUSSION
I n d i c a t o r s  l i k e  d i t h i o f l u o r e s c e i n ,  d i th i z o n e ,  mono- 
m e r c u r ip h e n o lp h th a le in ,  d im e r c u r i f lu o r e s c e in  and n i t r o - - 
p r u s s id e  h a v e  been  s u c c e s s f u l l y  u sed  f o r  th e  d e te rm in a t io n  
o f  s u l f h y d r y l  compounds w ith  HMB u n d e r  d i f f e r e n t  e x p e r i ­
m e n ta l c o n d i t io n s  ( 1 6 ) .  D i th iz o n e ,  f o r  exam ple , i s  u se d  
f o r  th e  d e te c t i o n  o f  f r e e  m e r c u r ia l s  o r  o t h e r  h e av y  m e ta ls  
w h ile  th e  o t h e r  i n d i c a t o r  m o n o m e rc u r ip h e n o lp h th a le in  f u n c t ­
io n s  to  form  p u rp le  com plexes w ith  s u l f i d e  compounds ( 16 ) .
The a b s o r p t io n  sp ec tru m  o f  th e  DTP s o l u t io n  i n  th e  
p re s e n c e  o f  s u l f h y d r y l  compounds i s  c h a r a c t e r i z e d  by  a  
s t r o n g  a b s o r p t io n  maximum a t  585 nm ( € = 2 . 0 0  x  10^ cm^ 
m ole- 1 ) w hich  d is a p p e a r s  upon s l i g h t  e x c e s s  o f  HMB ( P ig .
2 ) .  The e q u iv a le n c e  p o i n t  o f  th e  t i t r a t i o n  can  be r e a d i l y  
o b ta in e d  by  a  p l o t  o f  a b so rb a n c e  ( a t  585 nm) v s  th e  amount 
o f  HMB t i t r a n t  added  ( P ig .  1 ) .  R eag en t b la n k  t i t r a t i o n  
v a lu e s  a t  th e  e q u iv a le n c e  p o i n t  a r e  s u b t r a c te d  from  th e  
above t i t r a t i o n  c u r v e ' t o . g iv e  th e  t r u e  e q u iv a le n c e  p o i n t .  
The r e a g e n t  b la n k s  o f  th e  v a r io u s  s u l f h y d r y l  compounds 
s tu d ie d  re m a in  f a i r l y  c o n s ta n t  p ro v id e d  t h a t  th e  same 
am ount o f  i n d i c a t o r  i s  added j u s t  p r i o r  to  th e  t i t r a t i o n .  
The b la n k  i s  o n ly  d e p en d e n t on  th e  am ount o f  i n d i c a t o r  
added p ro v id e d -" th a t  s u l f h y d r y l  compounds w ere n o t  p r e s e n t
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FIGURE 2
ABSORPTION SPECTRA OP DTP AS AN INDICATOR FOR 
THE TITRATION OP 1 0 .0  MICROMOLES OP 
CYSTEINE WITH 0 .0 1 1 3  M HMB
Legend *
Sam ple s o l u t io n s  c o n ta in e d  2 .0  ml o f  1 .0  M KOH,
>
1 .0  ml DTF i n d i c a t o r  'and u n t i t r a t e d  c y s te in e  
p r e s e n t  to  an  am ount a s  i n d i c a t e d :
C urves (1 )  10 .0  m ic ro m o le s ,
( 2 ) 8 . 0  m ic ro m o le s ,
( 3 ) 0 . 1  m ic rom o le ,
( 4 ) 0 . 0  m ic ro m o le ,
(5 )  0 .0  m icro m o les and w ith  HMB i n  
l a r g e  e x c e s s .
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FIGURE 2 •
ABSORPTION SPECTRA OP DTP AS AN INDICATOR FOR 
THE TITRATION OP 10..0 MICROMOLES OF  ̂
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i n  th e  r e a g e n ts ' a s  i m p u r i t i e s .  * ,
The r e s u l t s  o f  th e  r e c o v e ry  s tu d y  on 1 - c y s t e i n e  and 
y S -m ercap to p y ru v a te  a r e  sum m arized i n  T ab le  I .  A t th e  
1-m ic ro m o le  l e v e l ,  th e  t i j t r a t i o n  c u rv e  becom.es f a i r l y  
s t r a i g h t  and th e  e q u iv a le n c e  p o i n t ,  w hich i s  found  a s  
shown i n  P ig .  1 , can  s t i l l  be l o c a te d  f a i r l y  e a s i l y  
d e s p i t e  th e 4?!s t e a d y  c o lo r  ch an g es w hich  would be o th e rw is e  
d i f f i c u l t  to  d e t e c t  v i s u a l l y .  C y s te in e  and ^ -m e rc a p to p y ru -  
v a te  w ere d e te rm in e d  w ith  an e r r o r  o f  3 .3  p e r  c e n t ,  a l th o u g h  
th e  c o e f f i c i e n t  o f  v a r i a t i o n  i n c r e a s e s 'p r o g r e s s i v e l y  to  
2 . 9 4  when more d i l u t e  s o l u t io n s  a r e  b e in g  t i t r a t e d .
S im i la r  t i t r a t i o n  s t u d i e s  w ith  o t h e r  s u l f h y d r y l  
compounds a re  l i s t e d  i n  T ab le  I I .  The r e s u l t s  a l l  l i e  
w i th in  an e r r o r  l i m i t  o f  2 .0  p e r  c e n t .  D i s u l f i d e  amino 
a c id s  l i k e  L - c y s t in e  and < x - s u b s t i tu te d -D L -c y s t in e s , .  a re  
re d u c e d  to  t h e i r  c o r re s p o n d in g  c y s t e i n e s  p r i o r  to  t i t r a t i o n .  
A j^umber o f  r e d u c t io n  m ethods hav e  been  p ro p o se d  f o r  th e  
r e d u c t io n  o f  d - i s u l f id e s  (2 5 , 2 6 ) .  I n  ag re em e n t w ith  th e  
work done by B i r  e t  a l .  ( 2 7 ) ,  th e  r e d u c t io n  w ith  sodium  
b o ro h y d r id e  was found to  be q u a n t i t a t i v e  and r e l a t i v e l y  
s im p le .  E x ce ss  sodium  b o ro h y d r id e  i s  rem oved by a c id ­
i f i c a t i o n  w ith  10 p e r  c e n t  a c e t i c  a c id  s in c e  sodium  b o ro ­
h y d r id e  E d u c e s  th e ’ t i t r a n t  (HMB) i n t o  m e t a l l i c  m erc u ry . 
A c i d i f i c a t i o n  m ust be done v e ry  s lo w ly  o r  t h e r e  w i l l  be a  
l o s s  o f  s u l f h y d r y l  compounds on e f f e r v e s e n c e .  A n o th e r
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TAE£E I
Recovery s t u d ie s  on l - c y s t e in e  and / - mercaptopyruvate
BY PHOTOMETRIC TITRATION WITH HMB
t
















1-Cysteine S 1.00* 1.00
i
99.7 0.3 tO.03 ' 2.94
s S.OO*1 4.91 98.2 1.8 £0.11 2.24
S 10.00* 9. 96 99.6 o.u to.ou 0.43
s 20.00* 20.01 100.0 0.0 t0.3S
t
1.76
S-Mercapto- 3 1.00* 0.97 96.7 3.3 to. 28 2.90
pyruvatc
3 ' S.00d S.11 102.2 2.2 £0. IS 2.32
3 10.00* 10.09 100.9 ■ 0.9 £0.13 0.66
3 20.00* 19.80 99.0 1.0 £0.13 0.68
Sample solutions contained 2.0 ml of 1.0 H KOH, 1.0 ral of 10 rag/dl dithioflucrescein solution, 
and cysteine or B-seVcaptopyruvate in the acount as described in a total volune of 30.0 cl.
* S.D. Standard deviation.
^ C.V. Coefficient of variation. 
c Titration done with 0.001 M HMB. 
d Titration done with 0.003 M HMB.
* Titration done with 0.01 M HMB.
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* TABLE II
















Thioglycolic Acid u 20.00 19.87 99.h 0.6 40.37 1.88
Mercaptoethanol it 20.00 13.70 98. S 1.5 40.22 1.10
Glutathione a 20.00 20.52- 102.8 2.6 40.1U 0,69
Sithioerythritol* S 10.00 9.87 S8.7 * * 40.13 1.31
l-Iiorocysteine u 20.00 20.38 101.9 1.9 40.38* 3.77
L-Cystinec *d’4 3 ' 10.00 ' 9.90 99.0 1.0 40.22 2.26
o-Methyl-DL-Cystinec’d'e 3 10.00 10.01 100.1 0.1 40.07 0.67
a-n-Eutyl-DL-Cystinec,d’4 3 10.00 3.71 97.1 2.9 40.20 2.01
o-Phenyl-BL-Cystinec,d’° 3 10.00 9.71 97.1 2.9 40.30 3.12
Sample solutions contained- 2.0 isl of 1.0 X XOH, 1.0 nl of 10 ag/dl dithiofluorescein solution, 
and sulfhydryl compounds in the amount as specified in a total volur.e of 30.0 ml. All titrations 
were done with 0.02 X HMB.
4 S.D. Standard deviation. 
b C.V. Coefficient of variation.
c Standardised by the nethod of Schneider et al. (5) before use.
d Anino acids were reduced by sodiun borohydride to its corresponding cysteine prior 
to titration with HMB. For reaction conditions, ace text.
4 E. V. * X. W./2
* '
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m ethod o f  r e d u c t io n  f o r  d i s u l f i d e s  u s in g  sodium  alum inum  
b i s (  2-m e th o x y e th o x y )d ih y d r id e  i n  an o rg a n ic  s o lv e n t  h a s  
been  r e p o r te d  r e c e n t l y  ( 2 8 ) .  T h is  may be an a l t e r n a t e  
m ethod o f  r e d u c t io n  p ro v id e d  t h a t  an  aqueous r e a c t i o n  
medium i s  n o t  s t r i c t l y  r e q u i r e d .
Sodium b o ro h y d r id e  i s  i t s e l f  a  m ild e r  r e d u c in g  a g e n t 
th a n  i t s  l i t h iu m  and m agnesium  a n a lo g u e . In  p r a c t i c e ,  
v a r io u s  m e t a l l i c  h a l i d e s  l i k e  A lC l^ o r  MgCl2 a r e  added 
to  th e  sodium  b o ro h y d r id e  a t  t im e  o f  r e d u c t io n .  P robab ly , 
i t  i s  th e  fo rm a tio n  o f  an  e q u i l ib r iu m  m ix tu re  o f  sodium  
b o ro h y d r id e  an d  alum inum  o r  m agnesium  b o ro h y d r id e  t h a t  
c a u s e s  an enhancem ent o f  i t s  r e d u c in g  a b i l i t i e s  ( 2 6 ) .  
H ow ever, th e  r e s u l t s  r e p o r te d  h e re  i n d i c a t e  t h a t  th e  
r e d u c t io n  o f  c y s t in e  to  c y s te in e  i s  co m p le te  even  w ith o u t  
th e  u s e  o f  m e t a l l i c  h a l i d e s .  The u se  o f  r e f l u x  c o n d e n se rs  
a l s o  a p p e a rs  u n n e c e s s a ry  i n  th e  p r e s e n t  sy s tem  due to  th e  
r e l a t i v e l y  m ild  r e a c t i o n  c o n d i t io n s  r e q u i r e d  to  g iv e  a 
q u a n t i t a t i v e  r e d u c t io n .
The c y s te in e - g lu ta m a te  t ra n s a m in a s e  r e a c t i o n  w ith  
a  p a r t i a l l y  p u r i f i e d  r a t  l i v e r  enzyme a s  p re p a re d  ( 19 ) 
r e q u i r e s  th e  p re s e n c e  o f  th e  coenzyme P IP . The e f f e c t  
o f  P IP  and fo rm ald eh y d e  on th e  t i t r a t i o n  o f  c y s t e i n e ,  
g l u t a t h i o n e ,  and /S -m e rc a p to p y ru v a te  a s  d e te rm in e d  w ith  
a  t i t r i m e t r i c  m ethod ( 19 ) and th e  p r e s e n t  p h o t o t i t r i m e t r i c
)I
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m ethod a re  sum m arized i n  T ab le  I I I .  The p re s e n c e  o f  PLP 
r e q u i r e s  one to  d e t e c t  th e  e q u iv a le n c e  p o in t  i n  a  s o l u t io n  
in  w hich a c o lo r  change o f  b lu e  to  b lu e i s h - g r e e n ,  and
th e n  to  a  d i s t i n c t  y e llo w  i s  o c c u r r in g .  As a  r e s u l t ,  th e/
t i t r i m e t r i c  m ethod u s u a l ly  g iv e s  a  lo w e r  v a lu e  th a n  th e  
p h o t o t i t r i m e t r i c  m ethod in  th e  p re s e n c e  o f  PLP. The p h o to -  
t i t r i m e t r i c  m ethod g iv e s  a  p e r  c e n t  r e c o v e ry  v e ry  c lo s e  
to  100 f o r  th e  s u l f u r  compounds r e p o r te d  i n  t h i s  s tu d y .
An e a r l i e r  f i n d in g  in  t h i s  l a b o r a to r y  (19 ) i n d i c a t e s  
t h a t  o th e r  added r e a c t a n t s  such  a s  c ^ - k e to g lu ta r a te ,  and 
g lu ta m ic  a c id ,  w hich i s  one o f  th e  p r o d u c ts  o f  th e  t r a n s -y  
a m in a tio n  r e a c t i o n ,  c au se  no i n t e r f e r e n c e s  in  th e  t i t r a t i o n .  
U n re ac te d  c y s te in e  a n d •endogenous g lu ta th io n e  can conven­
i e n t l y  be rem oved on h e a t in g  w ith  37 p e r  c e n t  fo rm ald eh y d e  
s o l u t io n ,  w hich r a p i d l y  i n a c t i v a t e s  th e  t h i o l  f u n c t io n  by 
fo rm in g  t h i a z o l i d i n e  d e r i v a t i v e  w ith  c y s te in e  ( 16) a£d a  
su g g e s te d  s i m i l a r  t h i a z o l i d i n e  d e r i v a t i v e  w i t h .g lu t a th i o n e  
( 16 , 19) ( s e e  e q u a t io n  1),^ l e a v in g / - m e r c a p to p y r u v a t e ,  w hich 
h a s  no p r im a ry  o r  se c o n d a ry  amino g ro u p , f r e e  f o r  th e  t i t r ­
a t i o n  w ith  HMB. T h is  can be seen  from  th e  d a ta  l i s t e d  i n  
T ab le  I I I ,  w hich shows t h a t  / -m e rc a p to p y ru v a te  can be de­
te rm in e d  i n  th e  p re s e n c e  o f  c y s te in e  a n d /o r  g lu t a t h io n e .
The e f f e c t  o f  th e  enzyme and v a r io u s  r e a g e n ts  on th e  
t r a n s a m in a t io n  r e a c t i o n .u n d e r  d i f f e r e n t  c o n d i t io n s  a r e




EFFECT OF FORMALDEHYDE AND PYRIDOXAL-5 '-PHOSPHATE 
ON THE'PHOTOTITRIMETRIC DETERMINATION OF CYSTEINE, 
GLUTATHIONE, AND /J-MERCAP TO PYRUVATE WITH HMB













-SH rouno Kecoverv 
(umoles) Glu Cys
20.00 O - - - 19.65 98.3 _ _ 20.S2C 102.6 - -
- 20.00 - - - 19.U2 - 97.0 - .19.U2 - 97.0 -
- - 20.00 - 20.37 - - 101.9 •20.17 - - 100.9
- 20.00 - 2.50 - 18.70 - 93-5 - 20.10 - 100. S -
- - 20.00 2.50 - 19.10 - 9S.S 19.87 - - 99,U
20.00 20.00 20.00 2. SO 2.0 19.27 - - 96.3 19.80 - - 99.0
20.00 20.00 10.00 2.50 2.0 9.U3 - T - 9U.3 9.7S - - 97.5
20.00 20.00 1.00 2.50 2.0 0.86 - - 86.0 0.96 - - 95.6
<, All determinations were performed in triplicate.
a Glu, Cys, 8-KP, PLP and CH^O denote glutathione, cysteine, 8-mercaptopyruvate, 
pyridoxal-5'-phosphate and formaldehyde, respectively.
^ See reference 19 for detailed procedure-- 
c Data from Table II.
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n h 2  o  h o
-> HOOCCHCHjCH^C-N— C-CNHCH^COOH
2̂ \ / CH2
S
+ h2o
g iv e n  i n  T a b le  IV . The d e n a tu r in g  o f  th e  p r o t e i n  by 30 
p e r  c e n t  t r i c h l o r o a c e t i c  a c id  a p p a re n tly ^  r e l e a s e s  no m a jo r  
a c t i v e  endogenous -SH g ro u p s . The r e c o v e r y  o f  / - m e r c a p to -  
p y r u v a te  i s  h ig h  ( s e e  le g e n d  to  T ab le  IV ) , i n d i c a t i n g  
• t h a t  no ^ -m e rc a p to p y ru v a te  i s  t r a p p e d  w i th in  o r  a d so rb e d  
to  th e  p r e c i p i t a t e d  p r o t e i n  and t h e r e  i s  no a p p a r e n t  lo s ^ .  
o f  / - m e r c a p to p y r u v a te  d u r in g  th e  p r o c e s s  o f  i n c u b a t i o p ^  
The e f f e c t  o f  th e  t r a n s a m in a s e  enzyme on  two d i f f e j ^ n t  
l e v e l s  o f  c y s t e in e  s u b s t r a t e  a r e  g iv e n  i n  T a b le  JV . An 
e s t im a te d  8 . 3  to  9 . 3  p e r  c e n t  o f  th e  c y s t e i n e / n a s  been
3 f
t r a n s fo rm e d  to  ^ m e r c a p to p y r u v a te  d u r in g  th e  1- h o u r




DETERMINATION OP /-MERCAPTOPYKUVATS IN VARIOUS 
CYSTEINE TRANSAMINATION MIXTURES









PLP 30% TCA 
(umoles) (ml)
Enzyme
(ml) 30% TCA 37% CHjO
1.0 M 
X0K— DTF
30.00 - - 2.5 - 1.0 1.0 2.0 1.0 1.0 . bnone
30.00 20.00 - 2.S 1.0 1.0 - ' 2.0 i.O 1.0 none^
30.00 20.00 10.00 2.S 1.0 1.0 • 2.0 u.o 2.0 9.71l0.11c
CC. CO 20.00 10.00 2.5 - 1.0 1.0 2.0 c.c i.c U.S2iC.Ud
30.00 20.00 - 2.5 - 1.0 1.0 2.0 1.0 1.0 1.86C0.03
30.00 30.00 - 2.5 - 1.0 1.0 2.0 1.0 1.0 2.5010.18
a-XG, Cys, B-KP, PLP, 7CA, CHjO and DTF denote o-ketoglutarate, cysteine, B-nercaptopyruvate, 
pyridoxal-S'-phosphate, trichloroacetic,acid and dithiofluorcscein, respectively. For reaction 
conditions, see text.
a Samples were buffered with ,5.0 ml of 1.10 M phosphate buffer CpH 7.1) and diluted to a total 
volune of 1S.0 nl with distilled water before incubation. See text for incubation conditions.
^ Results were determined froa the appropriate reagent blanks consisting all the reagents at con­
centrations as narked except the encyme. The negative results suggest that no endogenous -SK
groups were released froa the enzyme on denaturation. It also indicates that protein denatur- 
ation is complete as no product is formed., 
c High recovery of added 8-KP indicates that no 3-MP is trapped within or absorbed to the• 
precipitated protein. There is no apparent loss of B-KP on incubation.
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in c u b a t io n  p e r io d  a t  37° C.
The r e s u l t s  r e p o r t e d  i n  t h i s  work s u g g e s t  t h a t
s u l f h y d r y l  com pounds can  he a c c u r a t e l y  d e te rm in e d  up to  a
*
1-m ic ro m o le  l e v e l  by a  p h o t o t i t r i m e t r i c  m ethod, u s in g  KM3 
w ith  d i t h i o f l u o r e s c e i n  a s  ah  i n d i c a t o r .  The m ethod seem s 
to  be more a p p r o p ia te  f o r  a  c y s t e in e  t r a n s a m in a t io n  sy s tem  
th a n  a  r e c e n t l y  r e p o r t e d  t i t r i m e t r i c  m ethod f o r  c y s t e i n e  
w ith  le a d :  n i t r a t e  o r  m e rc u r ic  c h lo r i d e  a s  t i t r a n t s  ( 2 9 ) .
The u se  o f  m e rc u r ic  c h lo r id e  h a s  th e  d is a d v a n ta g e  o f  de­
v e lo p in g  a  w h ite  p r e c i p i t a t e  beyond a  10-mg l e v e l ,  w h ile  
th e  p h o to m e tr ic  t i t r a t i o n  w ith  HMS i s  more s u i t a b l e  a t  
h ig h e r  c o n c e n t r a t i o n  o f  c y s t e i n e .  The p r e s e n t  d ev e lo p m en t 
o f  a  s e l e c t i v e  m ethod f o r  th e  d e te r m in a t io n  o f  /S -m e rc a p to -  
p y ru v a te  i n  th e  p re s e n c e  o f  c y s t e in e  p ro v id e s  a  u s e f u l  
a n a l y t i c a l  m ethod f o r  th e  s tu d y  o f  a  c y s te in e  t r a n s a m in a s e  
sy s te m . T h is  m ethod i s  a l s o  u s e f u l  f o r  th e  m ic ro d e te rm in ­
a t i o n  o f  o t h e r  s u l f h y d r y l  compounds i n  b i o l o g i c a l  m a t e r i a l s .
\




L  p h o t o t i t r i m e t r i c  m ethod f o r  th e  d e te r m in a t io n  o f  
s u l f h y d r y l  compounds u s in g  £ -h y d ro x y m e rc u r ib e n z o ic  a c id  
w ith  d i t h i o f l u o r e s c e i n  a s  an i n d i c a t o r  l ia s  been d e v e lo p e d .
T h is  m ethod i s  m ore a c c u r a te  and p r e c i s e  th a n  th e  t i t r i ­
m e t r ic  m ethod' p r e v io u s ly  e s t a b l i s h e d  ( 1 9 ) .  Compounds 
su ch  a s  t h i o g l y c o l i c  a c id ,  m e rc a p to e th a n o l ,  g lu t a t h io n e ,  
d i t h i o e r y t h r i t o l ,  1 -h o m o c y s te in e , c y s te in e  and p  --------  '
m ined to  a  1-m ic ro m o le  l e v e l  w ith  an e r r o r  o f  l e s s , t h a n
D i - c y s t in e ,  < x -n -b u ty l-D L -c y s tin e  and < x -p h e n y l-D I-c y s tin e
c y s te in e s  f o l lo w in g  sodium  b o ro h y d r id e  r e d u c t io n .  T h is  
m ethod i s  a l s o  u s e f u l  f o r  th e  - s e l e c t iv e  d e te r m in a t io n  o f
/S -m e rc a p to p y ru v a te  i n  b i o lo g i c a l  s a m p le s . Endogenous o r  
u n re a c te d  c y s t e in e  t h a t  i s  p r e s e n t  i n  th e  c y s te in e  t r a n s ­
a m in a tio n  e n zy m a tic  m ix tu re  i s  i n a c t i v a t e d  on a d d i t i o n  o f  
fo rm a ld e h y d e . P r o t e in s  a re  rem oved by t r i c h l o r o a c e t i c  a c id  
p r e c i p i t a t i o n .  The e q u iv a le n c e  p o in t  i s  e s t im a te d  by p l o t t i n g  
th e  a b so rb a n c e  o f  th e  r e a c t i o n  m ix tu re  a t  585 nm v s  th e  am ount 
o f  t i t r a n t  (HMB) a d d e d . P y r id o x a l - 5 ’-p h o s p h a te  and g lu ta m ic  
a c id  w i l l  n o t  i n t e r f e r e  w ith  th e  e s t im a t io n  o f  th e
p y ru v a te ,  w hich  c o n ta in  f r e e  s u l f h y d r y l  g ro u p s
4 p e r  c e n t .  D i s u l f i d e  amino a c id s  l i k e  1 - c y s t i n e ,  <x-m ethyl-
a r e  d e te rm in e d  a s  t h e i r  c o r re s p o n d in g  c t - s u b s t i t u t e d - D l
33
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e q u iv a le n c e  p o i n t .  The- deve lopm en t o f  t h i s  a n a l y t i c a l  
m ethod form ed th e  "basis o f  th e  s tu d y  o f  c y s te in e - g lu ta m a te  
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CHAPTER I
INTRODUCTION {
A c ru d e  r a t  l i v e r  enzyme p r e p a r a t i o n  was r e p o r t e d  to  « 
c a t a ly z e  th e  t r a n s a m in a t io n  o f  o v e r  tw e lv e  amino a c id s  i n c l u d i n g  
c y s t e in e  w ith  a : - k e to g lu t a r a te  a s  c o s u b s t r a t e  ( 1) .  . -Jhe 
p re s e n c e  o f  c y s t e in e - g lu t a m a te  t r a n s a m in a s e  (EC 2 . 6 .,1 .3 )  
was n o t  s u g g e s te d  u n t i l  a  few y e a r s  l a t e r  by a  num ber o f  
w o rk e rs  ( 2 - 6 ) .  H ow ever, v e ry  l i t t l e  p u r i f i c a t i o n  o f  th e  
above enzyme h a s  b een  a c h ie v e d . p
C y s te in e - g lu ta m a te  t r a n s a m in a s e  (COT) i n  th e  p r e s e n c e  
o f  p y r i d o x a l - 5 ' -p h o s p h a te  (P IP )  c a t a l y z e s  th e  fo l lo w in g  
r e a c t i o n :
CG-T '
L -C y s te in e  + c c -K e to g lu ta r ic  ;= = = ?  G lu tam ic  + y S -M ercap to p y ru v ic
A cid  A cid  A cid
The enzyme can  be a s s a y e d  by e i t h e r  m o n i to r in g  th e  r a t e  
o f  d i s a p p e a ra n c e  o f  c y s t e in e  o r  by th e  r a t e  o f  f o rm a t io n  
o f  g lu ta m a te  ( 1) when a : - k e to g l u t a r a t e  i s  u se d  a s  th e  
c o s u b s t r a t e .  The fo rm e r  m ethod i s  n o n s p e c i f i c  s in c e  
^ y s te in e -  can  be m e ta b o l iz e d  by a -n u m b er o f  p a th w ay s  (7 )  .
The l a t t e r  m ethod i s  a l s o  n o n s p e c i f i c  b e c a u se  g lu ta m a te  can  
oe^form ed from  a  l a r g e  o f  v a r i e t y  o f  s o 4 ^ c e s .
T h is  i n v e s t i g a t i o n  d e s c r ib e s  p u r i f i c a t i o n  p r o c e d u re s  
and some p r o p e r t i e s  o f  th e  p u r i f i e d  c y s t e in e - g lu t a m a te
/  38
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t r a n s a m in a s e  from  r a t  l i v e r .  The a s s a y  m ethod i s  p r im a r i l y  
b a sed  on th e  m easu rem en t o f  form ed ^ -m e rc a p to p y ru v a te  a t  
th e  end o f  th e  r e a c t i o n  w ith  p ro c e d u re s  p r e v io u s ly  e s t a b ­
l i s h e d  i n  t h i s  l a b o r a to r y  ( s e e  P a r t  I ) .  The p u r i f i e d  
enzyme i s  a b o u t 75 t im e s  more a c t i v e  th a n  th e  c ru d e  enzyme 
e x t r a c t  u se d  i n  th e  p re v io u s  r e p o r t s  ( ( 8 ) and P a r t  I ) .
Some b a s ic  k i n e t i c  p a ra m e te rs  o f  th e  above enzyme w ere 
d e te rm in e d . I t s  h o m o g en e ity , m o le c u la r  w e ig h t, amino a c id
v
c o m p o s itio n , i s o e l e c t r i c  p o in t  and a b s o r p t io n  sp ec tru m  
w ere s tu d i e d .  P o s s ib l e  m echanism s and r e a c t i o n  schem es 
o f  t h e .c y s te in e ^ t r a n s a m in a t io n  l e a d in g  to  th e  fo rm a tio n  
o f  th e  p ro d u c ts  a r e  c o n s id e re d .
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CHAPTER I I  
MATERIALS AND METHODS ■
A. R e ag e n ts  and C hem ica ls
The fo l lo w in g  c h e m ic a ls  w ere o b ta in e d  from  th e  Sigma 
C hem ical Company, S t .  L o u is ,  M o.: r ib o n u c le a s e ,  chymo- 
t r y p s in o g e n  A, o v a lb u m in , b o v in e  serum a lb u m in , a lk a l i n e  
p h o s p h a ta s e , a ld o l a s e ,  D N P -a sp a rtic  a c id ,  B lue D ex tran  
2000, T E A E -c e llu lo se , p y r i d o x a l - 5 ’-p h o s p h a te ,  t r i c h l o r o -  
a c e t i c  a c id ,  D L -c y s tin e  and t r is - (h y d ro x y m e th y l) -a m in o m e th a h e  
( T r i s ) .  D L -A lanine and 2 -m e rc a p to e th a n o l w ere o b ta in e d  
from  E astm an Kodak Company, R o c h e s te r ,  N.Y. /J-M ercapto?- 
p y ru v a te  w a s .p re p a re d  i n  th e  form  o f  ammonium /9 -m ercap to - 
p y ru v a te  fo l lo w in g  th e  metho'd o f  Kun ( 9 ) .  O th e r  c h e m ic a ls  
u se d  in c lu d e  < *-m ethy l-D L -cystine  ( a  g i f t  from  D r. J .E .D . 
D i e t r i c h  ( 1 0 ) ) ,  o c -k e to g lu ta r ic  a c id  ( A ld r ic h  C hem ical 
Company, I n c . ,  M ilw aukee, W is), _ o -h y d ro x y m ercu rib en zo ic  
a c id  (C o lum bia  O rg a n ic  C hem ica ls  Company, I n c . ,  C olum bia,
S .C . ) ,  L (+ ) -g lu ta m ic  a c id  (Chem S e r v ic e ,  W est C h e s te r ,  PA), 
^sod ium  b o ro h y d r ia e  (V e n tro n  C o rp .,  B e v e r ly , M a s s .) ,  L -c y s -  
t i n e  ( B r i t i s h  Drug H ouses L t d . ,  P o o le , E n g la n d ) , L - c y s te in e  
h y d ro c h lo r id e  (G e n e ra l  Bio c h e m ic a ls , L a b o ra to ry  P a rk ,
C h a g r in , O h io ) , d i t h i o f l u o r e s c e i n  ( J .T .  B ak er C hem ical 
Company, P h i l l i p s b u r g ,  N .J . )  and Sephadex G-150 (P h a rm a c ia  
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• A ll  o th e r  re a g e n .ts  w ere p re p a re d  from  s to c k  ACS g rad e  
c h e m ic a ls .
B. P u r i f i c a t i o n  o f  C y s te in e -G lu ta m a te  T ran sam in ase
U n le ss  o th e rw is e  s p e c i f i e d ,  a l l  p u r i f i c a t i o n  s te p s  
w ere co n d u c ted  a t  4°C . R a t l i v e r s  (S p ra g u e  Dawley, ty p e  1 , 
P e l-B re e z  B i o lo g i c a l s ,  I n c . ,  R o g e rs , A rk a n s a s ) , 98 g, w ere 
* hom ogenized  i n  485 ml o f  0 .0 1  M T ris -H C l b u f f e r ,  pH 7 .5  f o r  
1 m in . T he.hom ogenate  was c e n t r i f u g e d  a t  23 300 x g f o r  
20 m in . The r e s u l t i n g  s u p e r n a ta n t  was c o l l e c t e d  by  f i l t e r ­
in g  th ro u g h  4 l a y e r s  o f  c h e e s e c lo th .  The p r o te in ,- s e p a r a te d  
by ammonium s u l f a t e  f r a c t i o n a t i o n  from  a  50 t o -80 96 s a t u r ­
a t i o n ,  was re s u sp e n d e d  i n  5 mM T ris-H C lc b u f f e r ,  pH 7 .5 ,  to  
a  f i n a l  volum e o f  80 m l. The s o l u t io n  was d ia ly z e d  f o r  6 
h a g a i n s t  4 l i t e r s  o f  0 .2 5  mM- T ris -H C l h a v in g  th e  same pH. 
The d i a l y z a t e  was a p p l ie d  to  a  T E A E -c e llu lo se  colum n (58  x 
4 cm) p r e v io u s ly  e q u i l i b r a t e d  w ith  5 mM T ris -H C l b u f f e r ,  
pH 7 .5 .  The sa m p le - lo a d e d  T E A S -c e llu lo se  colum n was th e n  
w ashed w ith  1 .0  l i t e r  o f  5 mM T ris -H C l b u f f e r ,  pH 7 .5 .
The w ash in g , w hich c o n s i s te d  m o s tly  o f  h em o g lo b in , was d i s ­
c a rd e d .  The column was th e n  e lu t e d  w ith  a  l i n e a r  T ris -H C l 
b u f f e r  g r a d i e n t  ( a  t o t a l  volum e o f  1400 m l) from  0 .0 1  M to  
0 .3  M a t  a  c o n s ta n t  pH o f  7 .5 .  The e lu a te  was c o l l e c t e d  
a s  15-ml p o r t i o n s .  The p r o t e i n  c o n c e n t r a t io n  o f  each  f r a c ­
t i o n  was m easu red  by th e  m ethod o f  Lowry a t  a l .  ( 11 ) .  The
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enzyme a c t i v i t i e s  o f  th e  above f r a c t i o n s  w ere a s s a y e d  a s  
d e s c r ib e d  i n  s e c t i o n  G o f  t h i s  c h a p t e r .  The f r a c t i o n s  w ith  
th e  h i g h e s t  a c t i v i t i e s  w ere  p o o le d  t o g e t h e r  and c o n c e n t r a te d  
to  a  f i n a l  v o lu m e "o f  10 ml w ith  a  PM-30 membrane f i l t e r  
(Amicon C o rp . ,  L e x in g to n , M a s s .) .  A bout 2 ml o f  th e  above 
s o l u t io n  (^ca. 75 mg o f  p r o t e i n )  w ere  a p p l i e d  to  a  1KB 8101 
. (1 1 0  m l) i s o e l e c t r i c  f o c u s in g  co lum n. A s u c ro s e ' g r a d i e n t
h a v in g  a  pH ra n g e  o f  5 to  9 was g e n e r a te d  u s in g  a  2 % 
a m p h o ly te  m ix tu re  c o n s i s t i n g  o f  e q u a l  am ounts o f  pH 5 to  7 
and pH 7 to  9 a m p h o lin e s  (LKB 40 % s o l u t i o n ) .  The c a th o d e  
s o l u t i o n  (b o tto m )  was m ade.up  by d i s s o l v i n g  15 g o f  s u c ro s e  
and 6 ml o f  1 .0  M NaOH i n  10 ml o f  d e io n iz e d  d i s t i l l e d  w a te r .
• The anode s o l u t i o n  ( to p )  was. com posed o f  10 ml o f  0 .0 1  M 
a c e t i c  a c i d .  The colum n te m p e ra tu re  was m a in ta in e d  a t  2°C 
w ith  a  2 0 - l i t e r  i c e - w a t e r  b a th .  An i n i t i a l  p o t e n t i a l  d i f f ­
e re n c e  o f  250 V was a p p l i e d  to  th e  co lum n. The p o t e n t i a l  
d i f f e r e n c e  was th e n  in c r e a s e d  to  a  c o n s t a n t  350 Y a f t e r  an  
h o u r  f o r  th e  r e s t  o f  th e  e x p e r im e n t . The c o n te n t s  o f  th e  
colum n w ere th e n  e m p tie d  a f t e r  48 h  and w ere c o l l e c t e d  a s
2-m l f r a c t i o n s .  The pH o f  e ac h  f r a c t i o n  was d e te rm in e d  
im m e d ia te ly . The p r o t e i n  c o n te n t  o f  th e  f r a c t i o n s  was e s t i ­
m ated  by  BY a b s o r p t io n  a t  280 nm ( 1 2 ) .  F r a c t i o n s  h a v in g  th e  
h i g h e s t  a c t i v i t i e s  w ere  p o o le d , d i a ly z e d  a g a i n s t  two c h an g e s  
o f  2 l i t e r s  o f  T r is -H C l b u f f e r  ( 0 .0 5  M, pH 7 .5 )  and  k e p t  
f r o z e n .
s4
/
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
C. P o ly a c ry la m id e  G el E le c t ro - p h o r e s is  o f  C y s te in e -G lu ta m a te  
T ran sa m in a se
P u r i f i e d  CGT was exam ined f o r  h o m o g en e ity  by d i s c -  
g e l  e l e c t r o p h o r e s i s  on 10 % p o ly a c ry la m id e  g e l s  i n  th e  
p r e s e n c e  o f  sodium  d o d e c y l s u l f a t e  (SD S). The enzyme p re p ­
a r a t i o n  ( c a .  2 mg) w ere  d i l u t e d  w i th  10 ml o f  0 .0 1  K 
sodium  p h o s p h a te  b u f f e r ,  pH 7 .5»  and  th e n  c o n c e n tr a te d  to  
a b o u t  1 ml w i th  a  m in i - c o n c e n t r a to r  (Am icon M in icon  B 1 5 ). 
The same p ro c e d u r e s  w ere  r e p e a te d  two m ore t im e s  w ith  th e  
enzyme s o l u t i o n  c o n c e n t r a te d  to  a  f i n a l  volum e o f  a b o u t ‘
0 .1  m l. The enzyme was th e n  t r a n s f e r r e d  to  a  sc re w -c a p p e d  
tu b e  c o n ta in in g  0 .9  ml o f  0 .1  % SB S.and 2 -m e rc a p to e th a n o l  
i n  0 .0 1  M sodium  p h o s p h a te  b u f f e r ,  pH 7 .2 ,  p r e h e a te d  to  
100°C i n  a  h e a t i n g  b lo c k .  V e r t i c a l  d i s c - g e l  e l e c t r o p h o r ­
e s i s  was c a r r i e d  o u t  i n  10 % g e l s  ( 7 .0  x  0 .6  cm i . d . )  a s  
d e s c r ib e d  ( 1 3 ) .  B rom ophenol b lu e  was u s e d  a s  t h e  t r a c k i n g  
dye  and th e  enzyme sa m p le s  w ere  a p p l i e d ,  i n  20 % s u c r o s e  
s o l u t i o n s .  The b u f f e r  u se d  was 0 .1  M p h o s p h a te  b u f f e r ,  
pH 7 .2  c o n ta in in g  0 .1  % SDS. A c u r r e n t  o f  3 mA p e r  tu b e  
was a p p l i e d  f o r  t h e  f i r s t  30 m in and th e n  in c r e a s e d  to  
8  mA p e r  tu b e  f o r  th e  n e x t  -7 h .  A t t h e  end o f  th e  r u n ,  
th e  g e l s  w ere f i x e d  w ith  12 % t r i c h l o r o a c e t i c  a c id  and 
s t a in e d  w ith  C oom assie  b lu e  ( 1 4 ) .  The m o le c u la r  w e ig h t 
o f  th e  enzyme was e s t im a te d  by  th e  m ethod  o f  S h a p iro  e t  a l . 
(1 5 )  u s in g  s e v e r a l  s ta n d a r d  p r o t e i n s  a s  m a rk e rs :  r i b o n u -
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c l e a s e ,  s u b u n i t  no 1 .  w t. 13 700; ch y m o try x sin o g en  A, sub ­
u n i t  m o l. w t. 25 000; o v a lb u m in , s u b u n i t  m o l. w t. 43 000 
and b o v in e  serum  a lb u m in , s u b u n i t  m ol. w t. 67 000 and 
134 000 , monomer and d im e r, r e s p e c t i v e l y .
D. M o le c u la r  W eight D e te rm in a tio n  o f  C y s te in e -G lu ta m a te
T ran sa m in a se  by Gel F i l t r a t i o n
Sephadex G-150 colum n ch ro m ato g rap h y  (50  x 1 .5  cm)
was. p e rfo rm ed  a t  4°C w ith  T ris -H C l (50  mM, pH 7 .5 )  a s  th e
e l u t i o n  b u f f e r  a t  a  c o n s ta n t  h y d r o s t a t i c  p r e s s u r e  o f  15 cm.
The fo l lo w in g  m o le c u le s  w ere u se d  a s  s ta n d a r d s  to  c a l i b r a t e
th e  colum n f o r  m o le c u la r  w e ig h t d e te r m in a t io n s :  r ib o n u c le a s e ,  
■> * . 
m o l. w t. 13 700; ch y m o try p sin o g en  A, m ol. w t. 25 000;
o v a lb u m in , m ol. w t. 43 0 0 0 ; a l k a l i n e  p h o s p h a ta s e , m ol. w t.
86 000 and a ld o l a s e ,  m o l. w t. 158 000 . The e l u a t e  was 
c o l l e c t e d  i n  1-m l f r a c t i o n s  and m o n ito re d  a t  280' nm w ith  
a  Beckman ACTA MVI S p e c tro p h o to m e te r  ( 1 2 ) .  a  The d i s t r i b u t -  
io n  c o e f f i c i e n t s  (Xa v ) f o r  each  s ta n d a rd  w ere c a l c u l a t e d  
from  th e  e q u a t io n :  Kav  *= (Ve -  V0 )/(V ^. -  VQ) w here Vg = 
e l u t i o n  volum e, VQ = e l u t i o n  volum e f o r  B lu e  D ex tran  2000 
and Vt  = t o t a l  bed vo lum e. The Kav  v a lu e  f o r  each  s ta n d ­
a rd  was p l o t t e d  a g a i n s t  th e  c o r re s p o n d in g  m o le c u la r  w e ig h t 
a s  d e s c r ib e d  ( 1 6 ,1 7 ) .  ?rom  th e  c u rv e  draw n, th e  m o le c u la r  
w e ig h t o f  th e  p r o t e i n  was e v a lu a te d  from  i t s  c o r re s p o n d in g  
Kav  v a lu e .
/
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E. Amino A cid  A n a ly s is  o f  C y s te in e -G lu ta m a te  T ran sam in ase  
Sam ples o f  p u r i f i e d  CGT (_££. 4 .5  mg) w ere d iv id e d  i n to  
th r e e  e q u a l  p a r t s  and h y d ro ly z e d  f o r  24, 48 and 72 h , 
r e s p e c t i v e l y ,  i n  d i f f e r e n t  e v a c u a te d  g l a s s  tu b e s  w ith  6 M 
h y d r o c h lo r ic  a c id  (1 ml p e r  tu b e )  a t  110°C. A f te r  h y d ro ­
l y s i s ,  th e  a c id  in  each  tu b e  was rem oved u s in g  a  r o t a r y  
e v a p o ra to r  a t  35°C and th e  r e s id u e  f i n a l l y  d r i e d  o v e r  KOH 
p e l l e t s  i n  v a c u o . The c o n c e n tr a te d  h y d r o ly z a te s  w ere 
a n a ly z e d  u s in g  a  Beckman 120C Amino A cid A n a ly z e r  w ith  a  
60-cm colum n o f  UR-30 r e s i n  a s  d e s c r ib e d  (Beckman m ethod-
L c id s .w e re  
on to  z e ro  
c y s t e i c
o lo g y  b ro c h u re  A -T B -033). The am ount o f  amino at 
• d e te rm in e d  e i t h e r  by a v e ra g in g  o r  by e x t r a p o la t i c  
h y d r o ly s i s  t im e . H a l f - c y s t i n e  was d e te rm in e d  as 
a c i d . a f t e r  p e r fo rm ic  a c id  o x id a t io n  ( 1 8 ) .  T ry p to p h an  was 
d e te rm in e d  s im u lta n e o u s ly  w ith  th e  o th e r  b a s ic  amino a c id s  _ 
( l y s i n e ,  h i s t i d i n e  and a r g in in e )  a f t e r  o - t o lu e n e s u l f o n i c  
a c id  h y d r o ly s i s  (1 9 ) u s in g  a  10-cm column o f  Beckman PA-35 
"'Ssesin.
E . M easurem ent o f  S p e c tr a  o f  C y s te in e -G lu ta m a te  T ran sam in ase
V i s i b l e  and u l t r a v i o l e t  s p e c t r a  o f  p u r i f i e d  CGT w ere 
r e c o rd e d  w ith  a  Beckman ACTA S p e c tro p h o to m e te r . T r is -  
HCl o r  borax-NaOH b u f f e r  o f  th e  s p e c i f i e d  oH and i o n i c
i|
s t r e n g t h  w ere made up a c c o rd in g  to  s ta n d a rd  p ro c e d u re s  
( 2 0 ) .  Sam ples w ere p re p a re d  by .d ia ly z in g  th e  p u r i f i e d




enzyme a g a i n s t  2 l i t e r s  o f  th e  T r is -H C l o r  borax-NaOH 
b u f f e r  o f  th e  s p e c i f i e d  pH and m o la r i t y .  I d e n t i c a l  
b u f f e r s  a s  i n  th e  t e s t  sa m p le s  w ere  u se d  a s  th e  r e a g e n t  
b la n k  i n  a l l  c a s e s .
G. A ssay  o f  C y s te in e -G lu ta m a te  T ran sa m in a se  and K i n e t i c  
S tu d ie s
Two t i t r a t i o n  p r o c e d u re s  w ere u se d  f o r  th e  d e te rm in ­
a t i o n  o f  c y s t e i n e  a s  a  m easu re  o f  c y s te in e - g lu t a m a te  t r a n s ­
am in ase  a c t i v i t y .  The f i r s t  one was th e  p h o t o t i t r i m e t r i c  
d e te r m in a t io n  o f  y S -m ercap to p y ru v a te  w ith  o _ -h y d ro x y m ercu ri- 
b e n z o ic  a c id  (HMB) a s  p r e v i o u s ly  d e s c r ib e d  ( s e e  P a r t  I ) .
A u n i t  o f  c y s t e in e - g lu t a m a te  t r a n s a m in a s e  i s  th e  am ount o f  
enzyme w h ich  c a t a l y z e s  th e  fo rm a t io n  o f  1 m ic ro m o le  o f  
y d -m e rc a p to p y ru v a te  p e r  m in a t  pH 7 .5  and  a t  57°C . The 
above m ethod i s  s e n s i t i v e  to  a  1 m icrom o le  l e v e l  and was u se d  ■ 
a t  t h e - e a r l i e r  s t a g e s  o f  enzyme p u r i f i c a t i o n  w here  th e  
s p e c i f i c  a c t i v i t i e s  o f  th e  enzyme w ere lo w . A m o d if ie d  
v e r s io n  o f  th e  above  t i t r a t i o n  m ethod was u se d  a s  th e  a s s a y  
p ro c e d u re  f o r  th e  enzyme sa m p le s  w hich  w ere o b ta in e d  a f t e r  
th e  T 2 A 2 -c e l lu lo s e  colum n p u r i f i c a t i o n .  T h is  m o d if ie d  
m ethod (maximum e r r o r  l i m i t  7 .7  % and  c o e f f i c i e n t  o f  
v a r i a t i o n  8 .2 )  i s  f a s t e r  when com pared to  th e  p h o t o t i ^ r i n e t r i c  
m ethod and’ i s ,  t h e r e f o r e ,  m o st s u i t a b l e  when th e  s p e c i f i c  
a c t i v i t y  o f  th e  enzyme i s  above 0 .2  I .U .  p e r  mg o f  p r o t e i n .
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The m o d if ie d  t i t r a t i o n  p ro c e d u re  was a s  f o l lo w s :  The
r e a c t i o n  m ix tu r e  c o n ta in in g  T r is -H C l "b u ffe r , pH "815, 
c y s te in e -H C l and  < * -k e to g lu ta ra te  was p r e in c u b a te d  a t  37°C 
f o r  5 m in . R e a c t io n  was i n i t i a t e d  "by m ix in g  th e  above  
s o l u t i o n  w ith  th e  enzyme s o l u t i o n  p r e in c u b a te d  s e p a r a t e l y  
i n  a n o th e r  v e s s e l  w i th  P IP . The p r e s e n c e  o f  c y s te in e -H C l 
was found  to  s i g n i f i c a n t l y  a l t e r  th e  pH o f  th e  b u f f e r .
The r e a c t i o n  m ix tu r e ,  w hich  h ad  a  f i n a l  pH o f  7 .5 ,  c o n ta in e d  
70 mM c y s te in e - H C l,  2 . 0 'mM o d - k e to g lu ta r a te ,  1 .7  mM PLP and 
a b o u t  0 .6  u n i t s  o f  enzyme i n  a  t o t a l  vo lum e o f  1 5 .0  m l.
Sam ples w ere rem oved a t  known t im e s  (2  to  20 m in) from  th e  
37°C in c u b a to r  and  th e  r e a c t i o n  was te r m in a te d  by th e  
a d d i t i o n  o f  2 .0  ml o f  37 % fo rm a ld e h y d e  and  1 .0  ml o f  30 % 
t r i c h l o r o a c e t i c  a c i d .  The s o l u t i o n  was c e n t r i f u g e d  a t  300 x g 
f o r  15 m in . To a  1 0 .0 -m l a l i q u o t  o f  th e  s u p e r n a t a n t  w ere added 
4 .0  ml o f  1 .0  M NaOH and  1 .0  ml o f  0 .1  % d i t h i o f l u o r e s c e i n
4
i n d i c a t o r  p r e p a r e d  a s  d e s c r ib e d  ( s e e  P a r t  I ) .  The r e s u l t i n g  
s o l u t i o n  was h e a te d  to  -80°C and t i t r a t e d  a t  t h i s  te m p e r a tu re  
w i th  0 .0 0 1  M HMB u n t i l  a  p e rm a n en t y e l lo w  c o lo r  was o b ta in e d ,  
w i th  r e h e a t i n g  and  r e t i - t r a t i h g  i f  n e c e s s a r y .  A s o l u t i o n  
c o n s i s t i n g  o f  th e  same com ponents a s  th e  above e x c e p t  t h a t  an  
e q u iv a le n t  am ount o f  HC1 was u se d  i n s t e a d  o f  c y s te in e -H C l,  
was t i t r a t e d  s im u l ta n e o u s ly  a s  th e  reagen i>  b la n k .  The 
t r u e  e q u iv a le n c e  p o i n t  was o b ta in e d  by s u b t r a c t i n g  from  th e  
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i h g  b la n k .  T r i p l i c a t e  d e te r m in a t io n s  w ere p e rfo rm ed  i n  • 
a l l  c a s e s .
H. I d e n t i f i c a t i o n  o f  P ro d u c ts  a f t e r  th e  C y s te in e -G lu ta m a te  
T ran sam in ase  E nzym atic  R e a c tio n
A ssay m ix tu re s  w ere made up a s  d e s c r ib e d  in  th e  a s s a y  
p ro c e d u re s  ( s e e  s e c t io n  G ab o lre ). The r e a c t i o n  was te rm in ­
a te d  by q u ic k ly  rem o v in g  th e  enzyme w ith  a  PM-30 membrane 
f i l t e r  (Amicon C o r p .) .  The u l t r a f i l t r a t e  was e v a n o ra te d  to  
d ry n e s s  unde^  vacuum a t  35°C . The r e s id u e  was r e c o n s t i t u t e d  
w ith  w a te r  and s p o t t e d  o n to  a  Whatman # 1 p a p e r .  P a p e r  
c h ro m a to g ra p h ic  p ro c e d u re s  w ere p e rfo rm ed  a s  p r e v io u s ly  
d e s c r ib e d  ( 2 ) .  The p a p e r  was d ev e lo p ed  a s  d e sc e n d in g  
chrom atogram s i n  a  fo rm ix  s o lv e n t  m ix tu re  ( 2 1 ) .  K e to -  
a c id s  w ere v i s u a l i z e d  w ith  n i t r o p r u s s i d e  ( 2 2 ) .  O th e r  
amino a c id s  w ere d e te c te d  w ith  n in h y d r in  (Gelm an In s tru m e n t  
Company, Ann A rb o r, M i . ) .
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A. P u r i f i c a t i o n  o f  C y s te in e -G lu ta m a te  T ran sam in ase
V
The p u r i f i c a t i o n  o f  th e  enzyme i s  sum m arized i n
'T a b le  I .  The enzyme was p u r i f i e d  149 tim e ^  com pared to*
th e  c ru d e  hom ogenate and th e  s p e c i f i c  a c t i v i t y  was 2 .09  
•  *  • •
I .U .  p e r  mg o f  p r o t e i n .  The re c o v e ry  o f  enzyme a c t i v i t y  
was a b o u t 1 5 .2  %. The p u r i f i e d  enzyme was 68 % i n a c t i v a t e d  
when k e p t  a t  -20°C  f o r  52 d a y s . Enzyme a c t i v i t y  d e t e r i o ­
r a t e d  r a p i d l y  and th e  enzyme was c o m p le te ly  i n a c t i v e  a f t e r  
1 h  i f  l e f t  a t  room te m p e ra tu re .  D i lu te  s o l u t io n s  o f  th e
■' enzyme e x h ib i t e d  p o o r  s t a b i l i t y .  R ep ea ted  th a w in g  and
*■ * 
* f r e e z i n g  a l s o  c au se d  »a d e c re a s e  i n  a c t i v i t y .
The p u r i f i c a t i o n  o f  th e  enzyme in v o lv e s  t h r e e  m a jo r
s t e p s .  Enzyme hom ogenates w ere f i r s t  p u r i f i e d  by ammonium
s u l f a t e  f r a c t i o n a t i o n .  A num ber o f  p r o t e i n  f r a c t i o n s
av
s e p a r a te d  by 4 0 -6 0 , 5 0 -7 0 , 5 5 -8 0 , 6 5 -8 5 ,and 70-90  % 
ammonium s u l f a t e  s a t u r a t i o n  w ere a ssa y e d  f o r  enzyme a c t i v i t y .  
The above p r o t e i n  f r a c t i o n s  gave  s p e c i f i c  a c t i v i t i e s  o f  
0 .0 0 9 , 0 .0 5 2 , 0 .0 5 4 , 0 .0 2 4  and 0 .0 1 0  I .U .  p e r  mg o f  p r o t e i n s ,  
r e s p e c t i v e l y .  F r a c t io n s  c o l l e c t e d  betw een  50-80  p e r  c e n t  
ammonium s u l f a t e  s a t u r a t i o n  w ere p o o le d  to g e t h e r  and 
f u r t h e r  p u r i f i e d  ,w ith  T E A E -c e llu lo se  column ch rom ato ­
g ra p h y . The e l u t i o n  p r o f i l e  shows t h a t  th e  m a jo r  enzyme
49
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
.50
TABLE I
PURIFICATION OF CYSTEINE-GLUTAMATE 
TRANSAMINASE FROM RAT LIVER
• ■
Specific Total Q«yme
Total protein activity activity recovery Purification
Traction4 (mg) (I.U./mg) (units)b (*) (times)
Komogenate ( 20 K) 17 686 0.014 248 -
(NH4) 2 SC 4 fractionation 
(50-80 # saturation)
8 054 0.027 . 218 87.8 1.9
TEAE-cellulose eluate 379 0.181 69 27.7 12.9
Isoelectric focusing 18c 2.085 38 15—3̂ 148.jf
“Purification started froa 98.2 g of rat liver. The purification procedures antfi 
assay methods for enzyme activities were described in Materialsand Methods (see Chaptlsr IX).
^One unit of enzyme is the amount of cysteine-glutamate transaminase which catalyzed 
the formation of 1 /mole of yj-mercaptopyruvate per min at 37®C and at pH 7.5.
cTotal amount of enzvme was obtained from 5 isoelectrofocusing preparations.
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a c t i v i t y  i s  w e l l  s e p a r a te d  from  the_ m ain p r o t e i n  f r a c t i o n  
w hich  was b r i g h t  r e d  i n  c o lo r  and c o n s i s t e d  m o s tly  o f  
h em o g lo b in  ( s e e  P ig .  1 ) .  T h is  low  a c t i v i t y '  p ro j te in  f r a c t -
t ,
io n  was f i r s t  e lu te d  from  th e  colum n w ith  th e  0 .0 0 5 , M b u f f e r .  
‘The p r o t e i n  f r a c t i o n s •c o n ta in in g  m ost o f  th e  a c t i v i t y  w ere 
n o t  e lu te d  from  th e  column u n t i l  -the m o la r i ty  o f  th e  b u f f e r  
was beyond 0 .0 4 .  The f r a c t i o n s  h a v in g  th e  h i g h e s t  enzyme 
a c t i v i t y  w ere  f u r t h e r  p u r i f i e d  by i s o e l e c t r o f o c u s i n g .
Column e le c t r o f o c u s in g  o f  th e  p r o t e i n  sam ple  r e s u l t e d  i n  
th e  s e p a r a t io n  o f  a  m a^or e n z y m a t ic a l ly  a c t i v e  f r a c t i o n  
h a v in g  an  i s o e l e c t r i c  p o i n t  " (p i)  o f  6 .7  ( s e e  P ig .  2 ) ._  .
B. Bnzyme S p e c tr a  o f  C y s te in e -G lu ta m a te  T ran sam in ase
The p u r i f i e d  enzyme in - r ib s  n a t i v e  form  ..was s l i g h t l y
r< « ,
y e llo w  i n 'c o l o r .  At pH 7 ;5 ,  i t  showed a  c h a r a c t e r i s t i c .
' a b s o r p t io n  band a t  416 nm ( € = 5 .4 2  x 10^ cm2 m ole- 1 ) and
a  s m a l l e r  peak  a t  330 nm |  e = 1.8l\^x- 10^ cm2 mole"*"*) w ith
' t h e i r  r a t i o  o f  a b so rb a n c e , e q u a l l i n g  3 .2 6  ( s e e  P ig .  3 ) . ‘
» Jtojf
A d d it io n  o f  c y s te in e  and P IP  to  a  f in a lT c o n c 'e n t r a t io n  o f  ' /  
33 mM and 1 .7  mM, r e s p e c t i v e l y ,  d e c re a s e d  th e  above r a t i o .  ;
A g ra d u a l  change o f  th e  pH from  7 .5  to  1 0 .2  f u r t h e r  d e - ^  
c re a s e d  th e  r a t i o  o f  the- above a b s o r p t i o n  bands, w ith  a  
s h a rp  i s o b e s t i c  p o i n t  o c c u r r in g  a t  378 nm; The enzyme a ls o  
became p r o g r e s s i v e l y  l e s s  y e llo w  i n  c o lo r  and f i n a l l y  l o s t  
a l l  i t s  a c t i v i t i e s  a t  pH^tSVtK ( P ig .  4 ) .  T h is  a c t i v i t y  l o s s '
V '




TEAS-CELLULOSE CHROMATOGRAPHY OF THE PROTEIN SAMPLE' 
OBTAINED AFTER AMMONIUM SULFATE FRACTIONATION
• "  (5 0 -8 0  % SATURATION)
*  %
Legend
Column s i z e  1^58 x 4 cm. p r e e q u i l i b r a t e d  i n
0 .0 0 5  M T ris -H C l b u f f e r ,  pH 7 . 5 . P r o t e in  sam p les
( c a . 8 g) w ere  ch ro m ato g rap h ed  by f i r s t  e l u t i n g  w ith
^  *  1 .
1 l i t e r  o f  0 .0 0 5  M T r is -H S l ,b u f f e r  h a v in g  th e  -same
/  .
pH, and th e n  w ith  a  l in e a s ^ f c i s - H C l  b u f f e r  g r a d i e n t .
.
( t o t a l  v o lu m e -1400 m l) ,,from 0 .0 1  M to  0 .3  M a t  a >
c o n s ta n t  pH o f  7 .5 .  F r a c t io n s  c o l l e c t e d  b e tw e ^ i 
th e  two. i n s e r t e d  a rro w s w hich  c o n ta in e d  p r o t e i n s ,  
w ith  th e  h i g h e s t  enzyme a c t i v i t i e s  w ere 'op& SttJ 'to -  
g e th e r .  B u f fe r  m o la r i ty  was estim aE edT by  c 'onduct- 
i v i t y  m easu rem en ts .
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A FIGURE 1
TEAE-CELLULOSE CHROMATOGRAPHY OP.THE PROTEIN SAMPLE 
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FIGURE 2 - —
ISOELECTROFOCUSING PROFILE IN THE pH RANGE OF 5 -9  
OF THE PROTEIN ISOLATED FROM' TEAS-CELLULOSE 
. COLUMN CHROMATOGRAPHY
Legend
A p r o t e i n  sam ple  ( ^ a .  75 mg) was a p p l ie d  to  a  LKB
8101 i s o e l e c t r o f o c u s i n g  co lum n. A s u c ro s e  g r a d -
*
i e h t  o f  pH r a n g e .5  to  9 was g e n e r a te d  u s in g  a  2 ?S
m ix tu re  o f  a m p h o lin e s  (LKB 40 % s o l u t i o n s ) .  The
* ocolum n was c o o le d  to  2 C 'th r o u g h o u t  th e  e x p e r im e n t
w ith  a  2 0 - l i t e r  i c e - w a t e r  h a th .  An i n i t i a l  p o t e n t i a l  
d i f f e r e n c e  o f  250 V was a p p l i e d  f o r  th e  f i r s t  h o u r  
and was s u b s e q u e n t ly  i n c r e a s e d  to  a  c o n s t a n t  350 V 
f o r  t h e  " r e s t ’ o f  th e  e x p e r im e n t .  The colum n c o n t­
e n t s  w ere  d r a in e d  s lo w ly  a f t e r  48 h  and w ere  c o l l e c t ­
ed a s  2-m l f r a c t i o n s .  The pH o f  e ac h  f r a c t i o n  was 
m easu red  im m e d ia te ly . ' The p r o t e i n  c o n te n t  (°— °) was 
m ated  hy UV m easu rem en ts  a t  280 nm. The ensyme 
a c t i v i t y  (•— •) was d e te rm in e d  a s  d e s c r ib e d  i n  th e  
a s sa y , p ro c e d u re s  ( s e e  C h a p te r  I I ) .
t




ISOELECTROFOCUSING PROFILE IN THE .pH RANGAoF 5-9  





























ABSORPTION SPECTRA OF THE PURIFIES CYSTEINE- 
GLUTAMATE TRANSAMINASE'FROM RAT LIVER
R eg en t
( a ) :  Enzyme i n  i t s  n a t i v e  fo rm .
O th e rs :  S p e c t r a l  v a r i a t i o n s  o f  th e  p u r i f i e d
CGT i n  a  sy stem  c o n ta in in g  372 / ig /m l  - 
o f  enzyme p r o t e i n ;  L - c y s t e in e ,  33 mM; 
PLP, 1 .7  mM; pH 7 .5 . to  8 .3 ,  T ris -H C l 
b u f f e r s ,  70 mM; pH 1 0 .0 , borax-N a& H ^ 
b u f f e r ,  70 mM.
/





















ABSORPTION SPECTRA OF THE PURIFIES CYSTEINE- 










ABSORPTION SPECTRUM OP THE PURIFIED CYSTEINE^ 
GLUTAMATE TRANSAMINASE PROM RAT LIVER IN 
70 mM BORAX-NaOH BUPPER, pH 1 2 .0
* ,  Legend
Sam ple s o l u t io n  c o n ta in e d  372 /fg /m l o f  enzyme 
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FIGURE 4
ABSORPTION SPECTRUM OP THE PURIFIED CYSTEINE-GIUTAMATE TRANS­
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y  . s  so.
. '•' :
was a p p a r e n t ly  i r r e v e r s i b l e  ‘s in c e  th e  c h a r a c t e r i s t i c  
s p e c t r a l  p r o p e r t i e s  j u s t  d e s c r ib e d  c o u ld  n o t  be r e s t o r e d  
a g a in  on lo w e r in g  th e  pH.
^ p
C. pH Optimum f o r  th e  A ssay  o f  C y s te in e -G lu ta m a te  T ra n s­
am inase
The pH p r o f i l e  o f  c y s te in e - g lu ta m a te  t r a n s a m in a s e  
i s  shown in  F ig u re  5 . The optimum pH f o r  th e  enzyme 
u n d e r  th e  s p e c i f i e d  r e a c t i o n  c o n d i t io n s  was a p p ro x im a te ly  
8 .2 .  The s h o u ld e r  o f  th e  b e l l - s h a p e d  cu rv e  a p p e a rs  b ro ad  
betw een  th e  pH ra n g e  o f  8 .0  to  1 0 .0 .
3). H om ogeneity  and S u b u n it  M o le c u la r  W eight o f  th e  P u r i ­
f i e d  C y s te in e -G lu ta m a te  T ran sam in ase
D u rin g  d i s c - g e l  e l e c t r o p h o r e s i s  on 10 % p o ly a c ry la m id e  
g e l s ,  v a r io u s  p r e p a r a t i o n s  o f  th e  p u r i f i e d  c y s t e i n e -  
g lu ta m a te  t r a n s a m in a s e  c o n s i s t e n t l y  m ig ra te d  a s  a  s in g l e  
band ( F ig .  6 ) .  P a r t i a l l y  p u r i f i e d  p r o t e i n  sam ple , o b ta in e d  
from  T S A E -c e llu lo se  column ch rom atog raphy , showed a t  l e a s t  
f i v e  p r o t e i n  b ands n o t  p r e s e n t  i n  th e  p u r i f i e d  p r e p a r a t i o n .
V From th e  p l o t  o f  m o b i l i ty  a g a i n s t  th e  lo g a r i th m  o f  th e
m o le c u la r  w e ig h t f o r  th e  p u r i f i e d  CGT, and t h e  c a l i b r a t i o n  
p r o t e i n s  ru n  s im u lta n e o u s ly  on p o ly a c ry la m id e  g e l s  i n  th e
V *
p re s e n c e  o f  SDS, a  s u b u n i t  m o le c u la r  w e ig h t o f  84 000 ±




Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
FIGURE. 5




The pH v a lu e s  w ere  r e p o r t e d  a s  th e  t r u e  pH 
o f  th e  r e a c t i o n  m ix tu re  p r i o r  to  th e  a d d i t i o n  
o f  th e  enzym e. . The r e a c t i o n  m ix tu re  c o n ta in e d  
33 mM 1 - c y s t e i n e ,  1 .7  mM PLP, 2 .0  mM <*-keto- 
g l u t a r a t e ,  0 .6 5  u n i t s  o f  CGT and 70 mM o f  
T r is -H C l o r  borax-NaOH b u f f e r ;  pH 7 .0  to  9 .0 ,  
T r is -H C l;  pH 1 0 .0  to  1 2 .0 , borax-NaOH b u f f e r . -
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DISC-GEL ELECTROPHORESIS ON POLYACRYLAMIDE OF 
PURIFIED CYSTEINE-GLUTAMATE TRANSAMINASE FROM 
RAT LIVER IN THE PRESENCE OF. SDS
Legend
(A ): P r o t e in  sam ple o b ta in e d  a f te r .T E A E -c e l lu ­
l o s e  colum n c h ro m a to g ra p h y .
(B ) :  A c tiv e  p r o t e i n  f r a c t i o n  ( p i  6 .7 )  o b ta in e d  
a f t e r  i s o e l e c t r o f o c u s in g .
(C ): The o th e r  m a^or p r o t e i n  f r a c t i o n  o b ta in e d
a f t e r  i s o e l e c t r o f o c u s i n g  w hich was enzym- »
a t i c a l l y  i n a c t i v e  ( p i  7 .8 ) .
]
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
DISC-GEL ELECTROPHORESIS ON POLYACRYLAMIDE OP 
PURIFIED CYSTEINE-GLUTAMATE TRANSAMINASE FROM 
RAT LIVER IN THE PRESENCE OF SDS
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^ PIGUBE 7
T  . 1 ♦
PLOT OP MOBILITY v s  LOGARITHM OP MOLECULAR WEIGHTS 
OP THE PURI PIED CGT AND CALIBRATION. PROTEINS APTER 
ELECTROPHORESIS ON 10 & POLYACRYLAMIDE GELS IN 
THE PRESENCE OP SDS
Legend







, {  .




PLOT OP MOBILITY v s  LOGARITHM OP MOLECULAR WEIGHTS
OP^THE-BURIPIED CGT AND CALIBRATION PROTEINS APTER
, /
/  ELECTROPHORESIS ON 10 % POLYACRYLAMIDE GELS IN
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S . M o le c u la r  W eight
The m o le c u la r  w e ig h t o f  th e  p u r i f i e d  c y s te in e - g lu ta m a te  
t r a n s a m in a s e  was d e te rm in e d  by g e l - f i l t r a t i o n  on Sephadex 
G -1 5 0 .. Two d e te r m in a t io n s  w ere  made on th e  -above p r e p a r ­
a t i o n .  A l i n e a r  r e l a t i o n s h i p  was e s t a b l i s h e d  betw een  Kav 
and lo g a r i th m  o f  thfe m o le c u la r  w e ig h ts  o f  th e  c a l i b r a t i o n  
p r o t e i n s  a s  shown i n  F ig u re  8 , and from  t h i s  th e  m o le c u la r .
w e ig h t o f  CGT was d e te rm in e d  to  be 83 500 ±  1 000 .
% "  *
F . Amino A cid A n a ly s is
The r e s u l t s  o f  t h r e e  s e r i e s  (2 4  h ,  4 8 'h  and 72 h ) o f  
amino a c id  a n a l y s i s  a r e  shown i n  T ab le  *11. The r e p o r te d  
^ a l u e s  a r e  b ased  on th e  r e s u l t s  o f  two d e te r m in a t io n s .   ̂ -
.A ll th e  l i s t e d  r e s u l t s  a g re e  to  a  maximum o f  a  4 % e r r o r  
e x c e p t  c y s t i n e ,  m e th io n in e  and th r e o n in e ,  w hich  showed. * 
d e v ia t i o n s  o f  5 .1 ,  4 .7  and 7 .1  %, r e s p e c t i v e l y .  G ly c in e ,
t y r o s i n e  and try p to o h ,a n  w ere p r e s e n t  o n ly  i n  r e l a t i v e l y
/
s m a ll  am oun ts.« I
j
\
G. I d e n t i f i c a t i o n  o f  R e a c tio n  P ro d u c ts  o f  • C vs& eine- 
G lu tam a te  T ran sam in ase
To o b ta in  e v id e n c e  t h a t  /? ~ m erc ap to p y ru v a te  was form ed 
d u r in g  th e  c o u rs e  o f  th e  r e a c t i o n ,  th e  e n zy m a tic  r e a c t i o n  ’ 
p e rfo rm e d  a s  d e s c r ib e d  in  th e . a s s a y  p ro c e d u re s  was te rm in ­
a t e d  by rem ov ing  th e  enzyme on u l t r a f i l t r a t i o n  and. th e n  
a n a ly z in g  th e  u l t r a f i l t r a t e  by p a p e r  c h ro m a to g rap h y . *In





MOLECULAR WEIGHT DETERMINATION OF CGT 
ON SEPH A D B^3^50
Legend
C hrom atography  was done a t  4°C i n  a  50 x 
1.5" cm -colum n. P r o t^ j j i  sam p le s  ( c a .  2 mg) 
w ere e lu te d  w i th  50 mM T ris -H C l b u f f e r ,  pH 
7 .5  a t  a  c o n s ta n t  h y d r o s t a t i c  p r e s s u r e  o f  
15 cm. ArrdW i n d i c a t e s  th e  Kav  v a lu e  o f  
th e  p u r i f i e d  CGT -enzyme.
to




MOLECULAR WEIGHT DETERMINATION OF CGT ON 
• SEPHADEX G -150 '
rib o n u c lease






LOG MOLECULAR W E IG H T
5.5
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TABLE II
AMINO ACID COMPOSITION OF PURIFIED CGT
\
Amino ac id
Q u an tity  hydro lyzed  (nm oles) a f t e r # o f  amino ac id  
p e r  mole o f  CGT 
(83 500 g /  mole)
N ea re s t
in te g e r
v a lu e24h 48 h 72 h Average
A sp a rta te 4 6 .6 46.1 45.2 46 .0 83.49 83
Threonine 8 .9 8 .7 8 .5 9 .1 * 16.53 " 16
S e rin e 26 .4 24.1 21.9 2 9 .0a 52.68 _ 53
G lutam ic ac id 11.1 11.0 11.2 * 1 1 .1 20.15 . 20
P ro lin e 11.4 11 .0 11.4 • 11.2 20.29 20
G lycine 4 .0 3 .9 5 .9 3 .9 7 .12 7
A lanine 23.1 25.1 23 .6 23.9 . 43.49 43
$ C ystine 8 .6 8 .2 9.1 8 .6 b 15.66 16
V alin e 1 5 .4 1 7 .0 ' 17.1 .1 7 .1 ° 31.12 31 •"
M ethionine 8 .5 8 .8 9 .3 9 .3 C • 16.95_ 17
Is o le u c ln e 28.3 3 1 .0 3 1 .6 3 1 .6C 5 7 .4 6 ' 57
le u c in e 84 .0 8 7 .7 87 .6 8 6 .4 156.98 157
T yrosine 4 .9 4 .9 4-Q 5 .0* 9 .1 4 9
P h en y la lan in e 12.9 12.9 13.0 , 12.9 23.49 23
ly s in e 18.1 17.0 ■ 17.6 ’ 17.5 31 .86 32
H is t id in e 7 .5 7 .6 6 .8 7 .3 13.28 * 13
A rgin ine 16.0 T6.0 16.9 16.3 29.63 ^ ' 50----------
Tryptophan 4.1 4 .4 4 .2 t 4 .2 d 7 .65 8
C a lcu la ted  by l i n e a r  e x tr a p o la t io n  a t  zero  tim e . '
^Determ ined a s  c y e te ic  a c id  a f t e r  p e rfo rm ic  a c id  o x id a tio n  (1 8 ) . 
cA djusted  f o r  in co m p le te  l i b e r a t i o n  (72  h  v a lu e s  ta k e n ) . ,
^Measured a f t e r  p - to lu e n e s u lfo n lc  a c id  h y d ro ly s is  by th e  method o f  I>iu e t  a l . (1 9 ).
-P
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a d d i t i o n  to  th e  ad d ed  r e a c t a n t s ,  c y s t i n e ,  g lu ta m a te ,
0 -m e rc a p to p y ru v a te ,  and t r a c e s  am ount o f  a l a n in e  and
p y r u v a te  w ere d e t e c t e d .  The above r e a c t i o n  p r o d u c ts  w ere 
*
i d e n t i f i e d  w ith  a u t h e n t i c  sam p les  o f  th e  above amino a c i 'd s .
A f a i n t  sm e ll  o f  h y d ro g e n  s u l f i d e  was a l s o  d e te c te d  from  
th e  r e a c t i o n  v e s s e l  d u r in g  i n c u b a t io n .  No su c h  p r o d u c ts
w ere  d e te c te d  when th e  a s s a y  was c a r r i e d  o u t  i n  th e  ab ­
se n c e  o f  any  one o f  th e  f o l lo w in g :  p u r i f i e d  CGT enzym e, 
c y s t e in e  o r  * - k e t o g l u t a r a t e .
K. E f f e c t  o f  S u b s t r a t e  C o n c e n tr a t io n  on th e  T ra n s a m in a t io n  
R e a c t io n
K in e t ic  s t u d i e s  w ere p e rfo rm e d  by m e a su r in g  i n i t i a l  • 
v e l o c i t i e s  u s in g  v a r i e d  c o n c e n t r a t io n s  o f  one s u b s t r a t e  a t  
a  f i x e d  c o n c e n t r a t i o n  o f  th e  se c o n d . The r e s u l t s  w ere 
p l o t t e d  a c c o rd in g  to  l in e w e a v e r  and Burk (23 ) f o r  th e  
d e te r m in a t io n  o f  Km v a lu e s .  The Kn  f o r  c y s t e in e  was 
fo u n d  to  be  5 .9  x  10“ ^ M w ith  a ^  ^  o f  1 .4  x^ 10~^ M‘ m in-1  
(R ig .  9 ) .  The K f o r  a - k e t o g l u t a r a t e  w as' 2 .6  x  10“ ^ M.IU ■*
H ow ever, a t  th e  l e v e l  o f  enzyme em ployed i n  t h i s  e x p e r im e n t ,
t
a - k e t o g l u t a r a t e 'd e m o n s t r a t e d  m arked s u b s t r a t e  i n h i b i t i o n  
a t  c o n c e n t r a t i o n s  i n  e x c e s s  o f  1 .3 2  mM ( P i g .  1 0 ) .
I .  I n h i b i t i o n  by  Q -M e th y l-E L -C v s te in e
I n h i b i t i o n  s t u d i e s  w ere c a r r i e d  o u t  i-n w hich  v a r y in g  
am oun ts o f  a - m e th y l - E L - c y s te in e  w ere  added  to  th e  r e a c t i o n
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FIGURE 9
LINEWEAVER-BURK REPRESENTATION OP THE KINETIC BEHAVIOR 
OP CGT PROTEIN SAMPLES WHICH VJ|RE OBTAINED AFTER 
TEAE-CELLULOSE COLUMN CHROMATOGRAPHY FOR 
VARIOUS CONCENTRATIONS OF CYSTEINE 
* ,
Legend
The r e a c t i o n  medium ( 1 5 ^ 1 )  c o n ta in e d  2-.0 mM c c - k e t o g l u t a r a t e ,
1 .7  mM PLP, 70 mM T r is -H C l  b u f f e r ,  pH 8 . 5 ,  0 .6 7 2  u n i t s .
o f  enzyme and t h e  s p e c i f i e d  amount o f  L - c y s t e i n e .  ■ The
1
r e a c t i o n  was ( c a r r ie d  o u t  a t  37°C . T r i p l i c a t e  d e te r m in ­
a t i o n s  w ere  p e r fo rm e d  t h r o u g h o u t  t h i s  s t u d y .
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FIGURE 9
lineweaver- burk r epresenta tio n  o p  the k i n e t i c  behavior
OP CGT PROTEIN SAMPLES WHICH WERE OBTAINED AFTER 
TSAE-CELLULOSE COLUMN CHROMATOGRAPHY FOR 
VARIOUS CONCENTRATIONS OF CYSTEINE
*
3.0
1 / v  x 10 
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! i  ■ PIGURE 10
LINEWEAVER-BURK REPRESENTATION OP THE KINETIC BEHAVIOR 
OP CGT PROTEIN SAMPLES WHICH WERE OBTAINED APTER 
TEAE-CELLULOSE COLUMN CHROMATOGRAPHY POR VARIOUS 
CONCENTRATIONS OP <*-KET0 GLUTAMATE
Legend -
The r e a c t i o n  medium ( 1 5  m l) c o n ta in e d  30 mM c y s t e i n e ,  1 .7  mM 
P IP ,  70 mM T r is -H C l  b u f f e r ,  pH '8 .5 ,  0 .6 7 2  u n i t s  o f  enzyme 
and  t h e  s p e c i f i e d  am ount o f  a - k , e t o g l u t a r a t e .  I n c u b a t i o n  
was c a r r i e d  o u t  a t  37°C. T r i p l i c a t e  d e t e r m i n a t i o n s  w ere  
p e r fo rm e d  i n  a l l  c a s e s .
\
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FIGURE 10
Y LINEWEAVER-BURK REPRESENTATION OF THE KINETIC BEHAVIOR 
OF THE PROTEIN SAMPLES WHICH WERE OBTAINED AFTER 
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■ J
m i x t u r e ,  a - M e th y l - E E - c y s te in e  was a d d e d  i n  t h e  fo rm  o f
\
r e d u c e d  a - m e t h y l - E L - c y s t i n e .  . Ehe r e d u c t i o n  was p e r fo rm e d  
u s i n g  sodium  b o r o h y d r id e  ( s e e  P a r t  I ) .  E x c e s s  sodium  
h o r o h y d r id e  was removed on a d d i t i o n  o f  d i l u t e  a c e t i c  a c i d  
a s  p r e v i o u s l y  d e s c r i b e d .*  E L -C y s te in e  (5 3  mM) a s  o b t a i n e d  by
I
1&e same r e d u c t i o n  p r o c e d u r e  u s i n g  E L - c y s t in e  was u se d
*
a s  t h e  c o n t r o l .  A p l o t '  o f  th e  r a t e  o f  f o r m a t io n  o f
d -m e rc a p to p y r u v a te  ( P i g .  11) shows t h a t  i n h i b i t i o n  o c c u r r e d
( 2 2 .3  9̂ ) a t  10 mM l e v e l  o f  added  a - m e t h y l - E L - c y s t e i n e .
V ery  l i t t l e  d -m e r c a p to p y r u v a te  was form ed a t  a  f i n a l  
♦
c o n c e n t r a t i o n  o f  30 mM a - m e th y l - E L - c y s t e i n e  i n  t h e  a b se n c e  
o f  c y s t e i n e  ( P i g .  1 1 ) .
• i











EFFECT OF EL-CYSTEINE AN!D/OR cr-METHYl-EL-CYSTEINE 
ON THE'ACTIVITY OF THE PURIFIED CGT
The r e a c t i o n  m ix tu r e  c o n ta in e d  2 .0  mM a - k e t o g l u t a r a t e ,
1 .7  mM P IP , 0 . 6  u n i t s  o f  p u r i f i e d  CGT, 75 mM Tris-HQJL, 
pH 7 .5  and D L -c y s te in e  o r  a - m e th y l - D L - c y s te in e  a s  
s p e c i f i e d :
( o— o ) D I r -c y s te in e ,  50 mM
(CP—□ ) D L -c y s te i  30 mM an d . o c - m e th y l - D L - c y s te in e ,%
Legend
10 sjM
). a - m e th y l - E L - c y s t e i n e ,  30 mM
F
\
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FIGURE .11
EFFECT OS' DL-CYSTEINE AND/OR a-METHYL-DL-CYSTEI-NE 
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DISCUSSION
*  k .
The d e t e r m i n a t i o n  o f  ,5 -n e rc a p ' to p y ru v a te  i n  a ' c y s t e i n e -
g lu ta m a te  t r a n s a m in 'a s e  m ix tu r e  by HMB t i t r a t i o n  in v o lv e d
th e  s u b t r a c t i o n  from  t h e  t i t r a t i o n  r e s u l t  o f  t h e  r e a c t i o n
m ix tu r e  th e  r e a g e n t  b la n k  i n  w hich  c y s te in e - H C l  was
o m it te d  ( s e e  a s s a y  p r o c e d u r e s ) .  The amount o f  s u l f h y d r y l  ♦ *
compounds d e t e c t a b l e  i n  the . b la n k  was n o t  s i g n i f i c a n t
when compared to  th e  amount p r e s e n t  i n  th e  r e a c t i o n  m ix t u r e .
The u s e  o f  a  r e a g e n t  b la n k  made up by o m i t t i n g  c * - k e t o g lu t a r a t e
i n s t e a d  o f  c y s t e in e - H C l . f r o m  th e  r e a c t i o n  m ix tu r e  was a l s o
c a r r i e d  o u t .  T here  was l i t t l e  d i f f e r e n c e  be tw een  t h e  two
d i f f e r e n t  t y p e s  o f  b la n k s  i n d i c a t i n g  t h a t  t h e  amount o*f
endogenous c y s t e i n e  t h a t  m i g h t 'b e  p r e s e n t  i n  t h e  enzyme
p r e p a r a t i o n  i s  n e g l i g i b l e .
The m o st  a c t i v e  f r a c t i o n s ,  o b t a i n e d  by i s o e l e c t r o -
f o c u s i n g  had  a  s p e c i f i c  a c t i v i t y  o f  '2.09 I -U .  p e r  mg o f
n r o t e i n .  T h is  i s  a b o u t  14-9 t i n e s  more th a n  t h e  0 .0 1 4  I .U .
t
p e r  mg o f  CGT a c t i v i t y  t h a t  was p r e s e n t  i n  t h e  o r i g i n a l  
• c ru d e  l i v e r  h o m o g en a te .  The p u r i f i e d  enzyme a p p e a r s  
homogenous b a s e d  on th e  s i n g l e  band- o b s e rv e d  u s i n g  
p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s .  The m o le c u l a r  w e ig h t  
o f  84 000 f o r  t h e  p u r i f i e d  CGT a s  d e te rm in e d  by d i s c - g e l  
e l e c t r o p h o r e s i s  on p o ly a c r y la m id e  i n  t h e  p r e s e n c e  o f  SDS 
a g r e e s  w e l l  w i th  t h e  83 500 m o le c u l a r  w e ig h t  o b t a i n e d  by
79 4l
\




g e l  f i l t r a t i o n . .  Thdt p u r i f i e d  enzyme t h e r e f o r e -  a p p a r e n t l y
to  have m o le c u la r  w e ig h t  c lo s e  to  83 500 ( e . g . ,  h a lo g e n a te d  
t y r o s i n e  and t h y r o i d  hormone t r a n s a m in a s e  (24 ) and l e u c i n e
£
a m i n o t r a n s f e r a s e  (2 5 ) )  and some were s u g g e s te d  to  e x s i s t  
a s  monomers (e » g * f l e u c i n e  a m i n o t r a n s f e r a s e  and a l a n i n e -  
g lu ta m a te  t r a n s a m in a s e )  ( 2 6 ) .
The p u r i f i e d  enzyme showed c h a r a c t e r i s t i c  a b s o r p t io n  
hands (330 and 416 nm) w hich a r e  d i f f e r e n t  from t h a t  
r e p o r t e d  f o r  a s p a r t a t e  t r a n s a m in a s e  -(27) a l th o u g h  th e y  
b o th  b e a r  r e s e m b la n c e s  to  each  o t h e r  r e g a r d i n g  s p e c t r a l  
c h an g es  w i th  pH v a r i a t i o n .  A d d i t io n  o f  c y s t e i n e  (33  mM) 
and P IP  ( 1 . 7  mM) i n c r e a s e d  th e  a b s o rb a n c e  o f  th e  530 nm 
{ band w h i le  d e c r e a s i n g  th e  a b so rb a n c e  o f  th e  band a t  416 nm 
s i m u l t a n e o u s ly  ( s e e  P ig .  3 ) .  T h is  i s  y e r y  s i m i l a r  to  
l e u c i n e  a m i n o t r a n s f e r a s e  (p r e p a r e d '  from p i g  h e a r t )  i n  . 
w hich  a  s i m i l a r  s p e c t r a l  change o f  a b s o r p t io n  maxima from 
414 nm to  326 nm on a d d i t i o n  o f  one o f  t h e  s u b s t r a t e s  was
e x i s t e d  a s  a'N̂ § i5g l e J p o l y p e p t i d e  e n t i t y .  T h is  i s  n o t  . 
s u r p r i s i n g  f o r  a  t r a n s a m in a s e  enzyme s i n c e  a .num b er o f  
mammalian o r  b a c t e r i a l  t r a n s a m in a s e s  have  been r e p o r t e d
r e p o r t e d  ( 2 5 ) .  I n c r e a s e  o f  t h e  b u f f e r  pH from 
i n c r e a s e d  t h e  above s p e c t r a l  change even f u r t h e r .  The 
c o l o r  o f  t h e  enzyme s o l u t i o n  a l s o  changed from a  s l i g h t  
y e l lo w  (416  nm) a t  pH 7-5  to  a lm o s t  c o l o r l e s s  (330 nm) 
when th e  pH i s  r a i s e d  to  1 0 .0 .  The a b s o r p t i o n  c h a r a c t -
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e r i s t i c s  o f  v i ta m in  Bg d e r i v a t i v e s  have  been  w e l l  s t u d i e d
• ( 2 8 ) . '  P re su m a b ly ,  th e  p u r i f i e d  p r o t e i n  c o n ta in e d  some
bound PIP  i n  th e  form o f  p y r i d o x a l  S c h i f f  b a s e s  s i n c e  a
■ maximum a b so rb a n c e  o f  41-6 nm i s  t y p i c a l  f o r  s p e c t r a  o f
p y r i d o x a l  S c h i f f  b a se s  ( 2 8 ) .  S in c e  th e  a c t i v i t y  o f  th e
p u r i f i e d  enzyme in c r e a s e d  from pH 7.*5 to  8 .5 ,  t h e  enzyme
h a v in g  a maximum a b s o rb a n c e  a t  350 nm i s  a p p a r e n t l y  t ’n-e
a c t i v e  fo rm . , The s h i f t  o f  th e  a b s o r p t io n  band from 416
nm to  330 .nm a s  th e  pH i s  i n c r e a s e d  from 7 .5  to  1 0 .0  i s  
\
a p p a r e n t l y  due to  th e  rem oval o f  a  p r o to n  from th e  chrom- 
o o h o re  o f  th e  enzyme (2 8 ,2 9 )*
/
The p u r i f i e d  enzyme does n o t  f u n c t i o n  e f f e c t i v e l y  i n
th e  a b se n c e  o f  added P IP .  P r e i n c u b a t i o n  o f  th e  enzyme
w ith  PLP ( 1 .7  mM) a t  37°C f o r  5 min i n c r e a s e d  th e 'e n z y m a t i c
a c t i v i t y  by 37 56. The a c t i v a t i o n  o f ' t h e  n a t i v e  enzyme
* *
by PLP a p p e a r s  to  be a  r a p i d  p r o c e s s .  I n c r e a s e  o f  added 
PLP from 1 .7  mM to  3 .4  mM caused  no s i g n i f i c a n t  enh an ce ­
m ent i n  enzym atfc  a c t i v i t y .
The p u r i f i e d  enzyme a p p ea re d  to  f u n c t i o n  w e l l  i n  
b o th  borax-NaOH and T r is -H C l b u f f e r .  I t s - a c t i v i t y ,  how­
e v e r ,  was i n h i b i t e d ^ b y  a  3|T.7 56 i n  sodium p h o s p h a te  b u f f e r '  
a s  compared to  T r is -H C l b u f f e r  a t  th e  same 70 mM l e v e l . -  
M a lea te  (70  mM) a s  p r e s e n t  i n  T r i s - m a le a t e  b u f f e r  was 
a l s o  i n h i b i t o r y  (1 8 .7  56).. Under t h e  c o n d i t i o n s  s p e c i f i e d ,
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w ith  2 0  mM T r is -H C l  b u f f e r ,  maximum c y s t e i n e - t r a n s a m i n a t i o n
o c c u r r e d  when . th e  r e a c t i o n  to o k  p l a c e  a roun d  pH 8*. 2 .
When t h e  r e a c t i o n v p r o d u c t s  w ere  e'xamined -chrom ato-
g r a p h i c a l l y  a s  d e s c r i b e d  i n  t h e  .M a t e r i a l s  and M ethods
( s e e  C h a p te r  I I ) , .  i t  was fo und  tham c y s t e i n e  t r a n s a m i n a t i o n
was accom pan ied  by. t h e  f o r m a t io n  o f  -y S -m e rc a p to p y ru v a te ,
g lu ta m a te ,  c y s t i n e  and s m a l l  am ounts o f  pyrii-vate and
a l a n i n e .  On t h e  b a s i s  o f  t h e  i n  v i t r o  e x p e r im e n t s ,  i t
can be c o n c lu d e d  t h a t  t h e  p u r i f i e d  p r o t e i n  p o s s e s s e s  
*
e n z y m a t ic  a c t i v i t y  c a p a b le  o f  t r a n s a m i n a t i n g  c y s t e i n e  and
* - k e t o g l u t a r i c  a c i d  w i th  t h e  f o r m a t io n  o f  ^ - m e r c a p to p y r u v a t e  „
and g l u t a m a t e .  To accoun-t f o r  t h e  f o r m a t io n  o f  p y r u v a t e
'a n d ' a l a n i n g ,  t h e  f o l l o w i n g  r e a c t i o n  a s  i l l u s t r a t e d  i n
Scheme 1 i s  s u g g e s t e d :  Pathw ay A i n v o l v e s  a  d i r e c t  b r e a k -
down o f  /5 -m e rc a o to p y ru v a te  i n t o  h y d ro g en  s u l f i d e  and o y r u v a te .  
'N
i n i s  i s  n o t  i m p o s s i b l e  s i n c e  th e  t r a n s a m i n a t i o n  r e a c t i o n
was p e r fo rm e d  a t  a - ' s l i g h t l y  a l k a l i n e  pH and i t  i s -  known
t h a t  y $ -m erc ap to p y ru v a te  i s  n o t  s t a b l e  i n  su c h  a medium.
T h is  i s  f u r t h e r  s u p p o r te d  by t h e : f a c t  t h a t  a  f a i n t  odop o f-
h y d ro g en  s u l f i d e  was d e t e c t e d  d u r i n g  th e  i n c u b a t i o n  o e r i o d .
The c u rv e s  show ing  th e  r a t e  o f  f o r m a t io n  o f  yS -m ercap to -  ' ^
p y r u v a te  a s  a  f u n c t i o n  o f  r e a c t i o n  t im e  f o r  d i f f e r e n t
. ** •
l e v e l s  o f  s u b s t r a t e s  a l l  b o re  s i m i l a r  a p p e a ra n c e s  to  t h e  
^ one shown i n  P i g .  11, i n  t h a t  t h e  r a t e  o f  f o r m a t io n  o f
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^ S -m ercap to p y ru v a te  was f a s t  i n i t i a l l y ,  and th e n  t a p e r s  
o f f  to  a  lo w e r  l e v e l  once  a  s t e a d y  s t a t e  i s  r e a c h e d .
T h is  o b se rv ed  r a t e  o f  d e c r e a s e  o f  /S -m e rc a p to p y ru v a te  a f t e r  
t h e  s t e a d y  s t a t e ,  how ever, was much f a s t e r  th a n  can be 
a c c o u n te d  f o r  by th e  i n s t a b i l i t y  o f  /? -m e rc a p to p y ru v a te  in  
an a l k a l i n e  medium. P re su m ab ly , t h i s  r a p i d  d e c r e a s e  can 
be e x p la in e d  by t h e  p r e s e n c e  o f  Pathw ay 3 a s  shown in  
Scheme 1 in  which a  c o n ta m in a t io n  o f  y6 -m ercap to p y ru v a te  
s u l f u r t r a n s f e r a s e  i n  th e  enzyme p r e p a r a t i o n  i s  s u g g e s te d ;  
o r  a l t e r n a t i v e l y ’ th e  p r e s e n t  enzyme p r e p a r a t i o n  can c a t a l y z e  
t h i s  r e a c t i o n .  T h is  may cause  an i n c r e a s e d  breakdown o f  
/^ -m e rc a p to p y ru v a te  to  p y r u v a te  which may i n . t u r n  be t r a n s ­
formed .to a l a n i n e  i n  t h e  p re s e n c e  o f  PIP  by t r a n s a m i j i a t io n  
e i t h e r  th ro u g h  an e n zy m a tic  o r  n o n -e n z y m a t ic  p r o c e s s  (2 6 ,
2 9 ,3 0 ) .  . ■ ^  ■
I t  i s  n o t  p o s s i b l e  on th e  b a s i s  o f  t h e  p r e s e n t  e v id e n c e  
'to  draw a  f i rm  c o n c lu s io n  r e g a r d i n g  th e  f o r m a t io n  o f  c y s t i n e  
d u r in g  th e  t r a n s a m in a t io n  r e a c t i o n .  T r a n s a m in a t io n ’i n i t i a t ­
ed on a d d i t i o n  o f  th e  p u r i f i e d  enzyme p r e in c u b a te d  w i th  PLP 
( 1\ 7 mM) to  10 mM-'ammonium p -m e rc a p to p y ru v a te .  and 5 mM 
g lu ta m ic  a c id  i n  70 mM T ris -H C l b u f f e r ,  pH 7 .5 ,  g e n e r a te d  
c x i -k e to g lu ta r a te  and c y s t i n e .  C y s t in e  may have been formed 
from some o x i d a t i v e  a c t i o n  o f  th e  enzyme on c y s t e i n e  formed 
d u r in g  th e  abcyve r e a c t i o n  o r  by a i r  o x i d a t i o n  o f  c y s t e i n e  
u n d e r  a l k a l i n e  c o n d i t i o n s .  P y r u v a te ,  a l a n i n e  and c y s t e i n e
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i n  sm a l l  q u a n t i t i e s  w ere  a l s o  d e te c t e d  by p a p e r  chrom ato­
g raph y  a s  d e s c r ib e d  p r e v i o u s l y .  The a l a n i n e  and p y ru v a te  
may be th e  r e s u l t s  o f  t h e  a c t i o n  o f  c y s t e i n e  t ra n sa m in a se ,  
a c t i n g  a s  p y r u v a t e - g lu t a m a te  t r a n s a m in a s e  o r  a sp o n ta n e o u s  
n o n -e n z y m a t ic  t r a n s a m in a t io n  p r o c e s s  i n  th e  p r e s e n c e  o f  
PLP.
In  "the p r e s e n t  a s s a y  o f  c y s t e i n e  t r a n s a m in a s e  a c t i v i t y ,  
t h e '  r e a c t i o n  vfhs fo l lo w e d  by m e a su r in g  th e  r a t e  o f  form­
a t i o n  o f  ^ - m e r c a p to p y r u v a t e .  B e s id e s  th e  c y s t e i n e  t r a n s - ♦ 
a m in a t io n  r e a c t i o n ,  .^ s -m erc ap to p y ru v a te  and g lu ta m ic  a c id  
can  be formed by .two o t h e r  p a th w ay s . The f i r s t  one i s  the
V
/  co up led  o x i d a t i v e  d e a m in a t io n  and r e d u c t i v e  a m in a t io n  ' 
r e a c t i o n  j a t a l y z e d  by D- o r  L-amino a c id  o x id a s e  ( 2 6 ) .  
However, th e  ab sen c e  o f  D- o r  L-araino a c id  o x id a s e  a s  
d e te rm in e d  m a n o m e t r ic a l ly  ( 3 l )  i n  th e  enzyme p r e p a r a t i o n  
r u l e s  o u t  t h i s  p o s s i b i l i t y .  The o th ^ b  pa thw ay  i s  th e  non- 
' e n z y m a t ic  t r a n s a m in a t io n  p r o c e s s .  T r a n s a m in a t io n " i s  known 
to  o c c u r  s lo w ly  i n  t h e  p r e s e n c e  o f  PLP w i th o u t  th e  p a r t -  
• i c i p a t i o n  o f  th e  enzyme ( 2 6 ) ( s e e  Scheme 2 ) .  The b e h a v io r -  
o f  L - c y s t e i n e  and PL? i n  s o l u t i o n  h a s  been s tu d i e d  in  
d e t a i l  by A bbott  e t  a l .  ( 5 2 ) .  I t  was r e p o r t e d  t h a t  c y s t e i n e  
form's" s t a b l e  t h i a z o l i d i n e  d e r i v a t i v e s  w i th  p y r i d o x a l - 5  ’-  
p h o s p h a te .  The l a c k  o f  u n s a t u r a t i o n  beyond th e  h e t e r o c y c l i c  
r i n g  o f  th e  p ro p o sed  p r o d u c t  makes i t  i n c a p a b l e  o f  p a r t i c i ­
p a t i n g  i n  n o n -e n z y m a tic  t r a n s a m in a t io n .  The f o rm a t io n  o f
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f -m e rc a p to p y ru v a te  and g lu ta m a te  - a s  a p p e a r in g  i n  th e  
p r e s e n t  e n zy m a tic  s t u d i e s ,  t h e r e f o r e ,  i s  th e  r e s u l t  o f  an 
en zy m atic  r e a c t i o n ,  and n o t  th e  p r o d u c t s  o f 'c o u p l e d  o x i d a t ­
iv e  d e a m in a t io n  and r e d u c t i v e  a m in a t io n ,  'n o r  th e  r e s u i t  o f  
a  PLP -no n -en zy m atic  t r a n s a m in a t io n  p r o c e s s .  *
The r e a c t i o n  mechanism a p p a re n t ly *  conform s t o . th e  
t r a n s a m in a t io n  mechanism  o f  a s p a r t a t e  t r a n s a m in a s e  ( 2 6 ,3 3 )
* i n  t h a t  th e  p r e s e n c e  o f  a  l a b i l e  a lp h a -h y d ro g e n  i n  th e
s u b s t r a t e  i s  r e q u i r e d  ( s e e  Scheme 5 ) .  o c -M e th y l-D L -c y s te in e  
i n  w hich th e  l a b i l e  hy d rogen  on t h e " a lp h a - c a r b o n  i s  
r e p l a c e d  by a  m e th y l  group d id  n o t  a c t  a s  a s u b s t r a t e -  f o r
t
th e  c y s t e i n e - g l u t a m a t e  t r a n s a m in a s e  ( s e e  P ig .  11) .  The 
p re s e n c e  o f  10 mM c y -m e th y l-D L -c y s te in e  h in d e re d  th e  t r a n s ­
a m in a t io n  r e a c t i o n  o f  30 mM o f  c y s t e i n e  by 22 .3  % ( s e e  
P ig .  11 ). The n a t u r e  o f  th e  above i n h i b i t i o n  i s  unknown 
a l th o u g h  one would e x p e c t  i t  to  be c o m p e t i t iv e  based  on 
known t r a n s a m i n a t i o n  r e a c t i o n s  s u c h ^ a ^ t h e  i n h i b i t i o n  o f  
a s p a r t a t e  t r a n s a m in a s e  by o 6 - m e th y l - a s p a r ta t e  (26)«
C y s te in e - .g lu ta m a te  t r a n s a m in a s e  may p la y  an i m p o r t a n t  
r o l e  i n  th e  m e ta b o l ism  o f  c y s t e i n e  where c y s t e i n e  i s  con­
v e r t e d  i n t o  hy d ro g en  s u l f i d e  and p y r u v a te  th ro u g h  th e  
i n t e r m e d i a r y - f o r m a t i o n - o f  ^ - m e r c a p to p y r u v a te .  A l t e r n a t i v e l y ,  
^S-mercap to  p y r u v a te  h a s  been r e p o r t e d  to  r e a c t  w i th  s u l f i t e s  
i n  th e  p r e s e n c e  o f  yfi-m ercaptopyruvatJ^  s u l f u r t r a n s f e r a s e
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and t h i o s u l f a t e  s u l f u r t r a n s f e r a s e  w i th  th e  f o r m a t io n  o f  
t h i o s u l f a t e  ( 3 4 ) .  The b i o l o g i c a l  s i g n i f i c a n c e  o f  t h i s  
r e a c t i o n  i s  u n c e r t a i n  a l th o u g h  s i g n i f i c a n t  am ounts o f  
t h i o s u l f a t e 1does a p p e a r  a s  a  norm al c o n s t i t u e n t  o f  u r i n e  
( 3 5 ) .  P re su m a b ly ,  CGT and yS-m ercaptopyrutrarte s u l f u r t r a n s ­
f e r a s e  t o g e t h e r  may p l a y  an im p o r ta n t  p a r t  i n  th e  re g u ­
l a t i o n  c^f t h i o s u l f a t e  f o r m a t io n .





C y s te in e - g lu t a m a te  t r a n s a m in a s e ’ ( EC 2 . 6 . 1 . 3 )  h a s  been 
p u r i f i e d  149 t im e s  compared w i th  th e  c ru d e  l i v e r  hom ogenate 
to  an a p p a r e n t  hom ogene ity  when examined by p o ly a c ry la m id e  
g e l  e l e c t r o p h o r e s i s .  The enzyme p r e p a r a t i o n  h a s  a  s p e c i f i c  
a c t i v i t y  o f  2.1 I .U .  p e r  mg o f  p r o t e i n  and i s  75 t im e s  more 
a c t i v e  th a n  th e  enzyme p r e p a r a t i o n s  p r e v i o u s l y  used  i n  P a r t  
I o f  t h i s  d i s s e r t a t i o n .  'The y i e l d  o f  th e  p u r i f i c a t i o n  p ro ­
c e s s ,  which i n c l u d e s  ammonium s u l f a t e  f r a c t i o n a t i o n ,  TEAE- 
c e l - lu lo s e  column ch ro m a to g rap h y , u l t r a f i l t r a t i o n  and i s o ^  
e l e c t r o f o c u s i n g ,  i s  15 .2  % based  on th e  t o t a l  a c t i v i t y  
found  i n  th e  c ru d e  hom ogenate . The p u r i f i e d  enzyme h a s  a 
m o le c u la r  w e ig h t  o f  85 500 a s  e s t im a te d  by g e l  f i l t r a t i o n .  
U nder th e  c o n d i t i o n s  s p e c i f i e d ,  th e  enzyme e x h i b i t s  a maximum
t.
a c t i v i t y  a t  pH 8 . 2 .  The Km f o r  c y s t e i n e  was found to  be 
5 .9  x 10"5 k w i th  a  vmax o f  1 .4  x 10- ^ M min- 1 . The Km f o r  
< * - k e to g lu t a r a te  was 2 .6  x 10” ^ M. o ^ - S u b s t i tu t e d - L L - c y s te i n e  
does  n o t  a c t  a s  a s u b s t r a t e  to  th e  above enzyme u n d e r  con­
d i t i o n s  s p e c i f i e d ,  i n d i c a t i n g  t h a t  th e  mechanism o f  t h e  
t r a n s a m in a t io n  r e a c t i o n  p ro b a b ly  r e s e m b le s  t h a t  o f  a s p a r t a t e -  
g lu ta m a te  t r a n s a m in a s e  i n  which th e  c le a v a g e  o f  an a lp h a -  
hydro  gen on th e  s u b s t r a t e  i s  th e  r a t e - d e t e r m i n i n g  s t e p  o f  
t h e  r e a c t i o n .
90
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